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THE LONG LEAF PINE AND ITS
STRUGGLE FOR EXISTENCE.

BY W. \V. ASHE.

As a country increases in population the relative area

of its woodland and forests, from which both timber and

a larg-e part of its fuel must be drawn, decreases in like

or even g-reater proportion. The care and propao-ation

of timber trees oi masse becomes a feature of eco-

nomic administration; and in all cases the inauo'uration

of the polic}^ of forest cultivation has emanated from

the g-overnment. The cause of this dependence on the

g-overnment for the initiation is patent. Although indi-

viduals may see, as forest materials become scarcer,

that some definite plan, in regard to forest manage-

ment, should be followed, they are, as a body, unable

to put on foot a general line of action which will in any

measure tend to increase the supply.

This inaction of individuals is due to two causes: (1)

A disregard for the future, since the benefit of any re-

form, or at least the realization of increased income

from any reform which ma}^ be made in the manage-

ment of forests will be derived only after many years;

broadl}^ speaking will be of advantag^e only after the
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passing- of a generation. For this same reason there is

an increasing- tendency to cut all marketable trees,

even of the smallest sij^e, that returns may be had at

once.

(2) Even when some desire is evinced to so care for

woodland that the return therefrom may be reg-ular and

the condition of the woodland may not deteriorate, either

in respect to avera^j-e si^ce or choice of trees, there is

great ignorance shown of all requirements for tree

growth and of the action demanded to secure desired

results.
,

The larger and more thickly settled European gov-

ernments, recognizing these facts, have man}^ 3^ears

ago undertaken to place all their own forest lands un-

der systematic management and at the same time sup-

pl3% by means of their schools of forestry, the knowl-

edge of these methods to private land-holders or to

trained officers who may serve them. In many of these

schools series of experiments, analogous to those made
upon g-rains, etc., in the Agricultural Kxperiment Sta-

tions of the United States, have been carried on upon for-

est trees, todetermine the conditions of light, soil, moist-

ure and density of tree growth which they require

for their best dev^elopment, and the age they should be

allowed to reach before cutting, the diseases, fungous

and other, to which they are subject, their destructive

insects, and the trees, naturalU^ and those most advan-

tageously, associated together in forests.

What has been done by these governments for their

forests will have to be repeated in modified forms bv

the federal and various state governments for their re-

spective forests as soon as the great bodies of standing

timber which have required the uninterrupted efforts

of centuries to accumulate, are destroyed or thinned



ELISHA MITCHELL SCIENTIFIC SOCIETY. 3

out. Conditions will be presented analogous to those

experienced in Kurope and these must be treated along-

the same lines and finally resolved b}^ the application of

similar methods and by considering the general effects

upon our trees of their environments, the soils, atmos-

pheric changes and the various forms of plant and ani-

mal life. It will be understood from this how neces-

sary it is that the pathological characteristics of trees

worthy of extensive culture for their timber, should be

known.

xVs yet we are in the dark about the demands of even

our more common trees. xVs a people it has scarcel}"

become known to us that our forests are exhaustable,

much less that there are large waste areas, now entirely

unproductive of commercial timbers and that these^

areas less than iifty years ago were wooded, in some

instances heavily wooded, with valuable trees. There

are such tracts of waste land in North Carolina in what

are known as the "pine barrens" of the eastern coun-

ties. In the course of an examination of the timber

lands of eastern North Carolina undertaken last year

(1893) b}' the North Carolina Geological Survey some

inqviiry and research was made into the extent of these

weiste areas and a more extended discussion of the re-

sults of this examination will be found in Bulletin 3, of

the North Carolina Geological Survey, now being pub-

lished. These areas were found to include considerablv

over 400,000 acres and to be increasing so rapidly that

the causes leading to them were sought for. This en-

tailed an anal3^sis of the life histor y of the long

leaf pine and of the other pines with which, in this

region of North Carolina, it is most intimately associated.

While these observations are by no means either ex-

haustive, or even full, they will show in a general way
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with what difficulties a tree has to strug-gle, under the

chaii^^ed condition of civilization, in order to grow up
and reach maturity. They also show the pressing"

need for a more efficient, or at least common sense,

method of dealing with our forest lands if there are in

the future to be any forests.

A brief statement of the facts noted in regard to

these pine lands, summarized from the same bulletin,

will serve to show the deplorable condition of these

lands at the present time and how they were when
covered with virgin forests.

There are four pines found in the eastern section of

North Carolina. Only two of these are, however, gen-

erally enough distributed to be of economic importance.

These are Piffiis paliistris (Miller) the long leaf pine

and Pimis taeda (Linne) the loblolly pine, called in

eastern North Carolina short leaf or old field pine.

The loblolly pine has numerous close allies in eastern

America and Europe, thoug-h it is a very distinct tree

from any of these. Its growth in the virgfin forest is

conlined to the wet margins of the swamps, to "ham-
mocks" in the swamps and to the moister lands with

sand or loamy soils, even when sometimes immersed.

The long leaf pine has in North Carolina reached

the farthest northerly extension of emy pine in its sub-

section of the g-enus Pinus. Taking the sum of like

morpholog-ical characters as expressing the greatest

relationship and starting with the white pines, which

are the most northerly distributed pines of America, it

will be found that the sub-section of the genus Pinus,

to which the long leaf pine belongs, is farthest from

the white pines, /. c, heis fewer like characters in com-

mon, and at the same time has tlie most southerly ex-

tension ol any pines of America. The congenitor of
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the long- leaf pine is the Cuban pine, Pinus cnbensis

(Goert) which is found in Florida, Georgia, and the

West Indies, while other nearly allied species are found

in Mexico and the tropics.

Byrd, Lawson,^ and the other early historians and

eulogizers of eastern North Carolina unanimously as-

sert that the long leaf pine extended over all the higher

sandy land from Nansemond county, Virginia, south-

ward. It was abundant in Hertford, Perquimans and

Gates counties, where a tree of this species is rarely

ever seen now, and through Bertie county which was

then called the "Pine Forest" and which is now cov-

ered with a heavy growth of loblolly pine. Long leaf

pines must have been common in the Pamlico peninsu-

lar as tar kiln mounds, now covered with large trees

of other species, are frequently seen as one rides along

the road. Within the last fifty years the upland for-

ests of Wilson, Edgecombe and the northern section of

Wayne counties were composed almost entirely of long

leaf pine, while at the present time the loblolly pine

has g-otten possession of this land wherever the soil

was sufficiently moist to support the growth. South

of the Neuse river over the rolling- dry sandy soil of the

"pine barrens" the long leaf pine held undisputed pos-

session. These lands are two poor and dry for the

loblolly pine to grow upon until the soil has been cul-

tivated and fertilized. The only tree which disputed

the control of these lands, with the long leaf pine, was

a small oak, the sand black jack oak, ^iiercus cates-

boei (Michx) which is w^orthless for all timber purposes.

As the long leaf pine after having been worked for tur-

pentine was burnt off of these tracts or was cut for

* Byrd writing in 1728- Lawson in 1701.
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lumber, the only tree which replaces it was this sand

black jack oak.

These waste tracts, either naked or covered with the

sand black jack oak, lie south of the Neuse river and are

to be found in every county from New Hanover west-

ward to Richmond and Moore. It was with a view to

ascertain the feasibilit}^ of restocking- these lands with a

valuable tree and prevent i no- the enlar«-ement of these

waste acres that this examination was made of the

habits, characteristics and relative adaptability to ex-

isting* conditions, both natural and artificial, of these

two pines, Piiins lacda and P. paliisirls.

THE CAUSE OE THESE WASTE EANDS.

From the preceding- it appears that there is a larg-e

amount of waste land lyin^- in the southeastern part of

this State. There are now over 400,000 acres of such

land, and the amount of it, from various causes, is con-

stantly increasing-. This land consists of hig-h rolling-

or hill 3' sand barrens, fcjrmerly covered with extensive

forests of long leaf pine. These forests yielded tur-

pentine abundantly, but on account of the larg-er

amount of sapwood and the coarser g-rain of the wood

of trees growing on these ])oorer sandy lands the lum-

ber, though of good (juality, was of a g'rade inferior to

that from trees grown on fertile soils. Now, however,

owing' to the g'rossest neglect, larg'e portions of these

forests have either l)een destroyed entirely or reduced

to such a condition that there is neither mill nor tur-

pentine timber on them, and no reg-rowth of the long-

leaf pine has been allowed to take the place of the old-

er trees as the latter were being gradually extermin-

ated. The soils of the l)arrens on acccmnt of their
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sandiiicss and poor (juality will produce very few kinds

of trees which have any economic importance. No val-

uable broad leaved trees (oaks, etc.) thrive on these

lands, and amonif the conifers (pines, etc.) the long- leaf

pine is the only one g-rowing- naturally on them. The
short leaf pine, where the loam sub-soil lies near the

surface, is rareh^ found, and it is onl}^ after the g^round

has been cultivated and enriched and the moister la3^ers

of earth have been broug'ht to the surface that the lob-

lolly pine will g-row there. So it seems that the long*

leaf pine is the only native tree of much value which
flourishes on these barren sandy lands. There are

very few, if any other, forests in the eastern United

States so peculiarly limited as to the variety of valua-

ble tree g-rowth as the long- leaf pine forest, particu-

larly when it g-rows on the sand barrens, and there are

no other forests which demand such care to o1:>tain a

reg'rowth of the orig'inal dominant species. Many
kinds of trees after being- lumbered or burnt out are

succeeded b}^ smaller and less valued species, but the

orig'inal g-rowth in time agfain takes possession of the

land. This is the case with the spruce forests of

western North Carolina, and the white cedar (juniper)

in the eastern section of the State. However it may
have been primarily in the long- leaf pine forests, this

is not the result under the present manag-ement of

these pineries. After the removal of the pine the land

quickly becomes waste land, and passes from a g-rowth

of sand black jack to utter barrenness. No where is

there any gfeneral sig-n of either the long- leaf or an}^

other pine ag-ain forming- a prominent part of the gfrowth

on these sand hills.

Unless there is some radical chang-e in their manag-e-

ment, these lands may even cease to produce the few
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sand black jack oaks which now flourish on them.

There is even a possibility and in fact it can be said a

g-reat likelihood that this valuable tree, the long leaf

pine, will become extinct in North Carolina unless

some steps are taken to secure its more general propa-

gation. It has already become extinct over large tracts

lying to the north of the Neuse river which were for-

merly occupied either exclusively by this pine or by
mixed forests of it and hard woods and loblolly pine.

THE REASON WHY EONG LEAF PINE FORESTS ARE NOT
SEEF PROPAGATING.

The causes which have operated to prevent the long

leaf pine from propagating itself are several, and all

of them are important and act uniformly throughout

this sandy area. A brief statement of some of the pe-

culiarities of this tree may enable us to see more clear-

ly why it needs more special protection than must ne-

cessarily be accorded other trees to enable the forests

to reproduce themselves. The chief causes which have

influenced and tended to retard the general regrowth

of this tree at the present time arise from a highly

specialized form of seed and plant structure and a de-

cidedly unique manner of growth when compared with

the other pines of this same region. These character-

istic peculiarities lie chiefly in the young pine seedling,

in the seed, and the structure of the leaf buds.

THE SEEDING OF THE EONG EEAF PINE.

Although the writer has not yet carried on system-

atic observations, on (1) the frequency of seeding of the

long leaf, (2) the relative abundance of its seed as com-
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pared with those of other pines, and (3) the fertility of

boxed and unboxed trees of the same species, long

enoug-h to have obtained accurate results, yet the ob-

servations of different persons, thorouQfhly familiar,

for many years, with the pine of the barrens, will, he

thinks, for most of these cases be found sufficiently

accurate, their results being- supplemented by his con-

clusions drawn from a personal investig-ation extending-

over several years. Althoug-h there were certain years

in a virg-in long- leaf pine forest, just as there are with

all other trees, when there was no s3ed borne, yet

these were rare and the 3^ield of seed was usually

abundant. Wm. Byrd, writing- in 1723, says:"^ the

mast of this tree is very much esteemed for fattening-

hog-s throug-h all of Albemarle County, (North East-

ern North Carolina) on account of its g-reater abundance

and the g-reater certainty of its occurrence (than

that of the oaks). The forests of which he was speak-

ing- were larg-ely virg-in at that date. There are to be

found frequent statements mentioning- the same fact by

other historians, of both an earlier and later date.

So far as could be ascertained the masts (as the seeds

of this pine are called) have not been as abundant for

the past fifty years as they formerly were. There

seems to have been only three larg*e long- leaf pine masts

since 1845. One of these occurred just about that

time, the next one was in 1872 and there was one in

1892, which was not as larg-e, however, as either of the

preceding-. There is a fairly abundant mast about

ever}^ four or five years, and on intermediate years the

production is small and localized. In North Carolina

most of the trees which now bear seed are boxed and

have been in this condition for from 50 to 100 years,

* History of the dividing- line between Virgrinia and North Carolina, p. 2'^.
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and the opinion prevails throughout the pine barrens

that pine masts are less frequent and less abundant

now than before the pines were so larg-ely boxed and

thinned out. The removal of a g^reat part of the trees

may explain, in part or wholly, why masts are less

abundant. It would naturally be inferred that there

would be a larg-e decrease in the productiveness of box-

ed trees, whose vitality, measured by the rate of accre-

tion between them and unboxed trees, has been g-reatly

impaired by the practiced manner of boxing-. However,

from a tabulated record of observations carried on dur-

ing* several years, there as yet appears no marked dif-

ference between the productiveness of boxed and un-

boxed trees, similarly situated.

There are several important differences between the

reproductive capacities of the loblolly and long- leaf

pines, all of them to the advantag'e of the loblolly pine.

The fertility of the long- leaf pine is much less than

that of the loblolly pine, its most frequent associate.

The loblolly pine bears cones at an earlier age, and

usually produces more seed, both perfect and imperfect

ones, and the great variety of soil, on which the loblol-

ly pines grow, causes a slight difference in the time of

flowering of different trees, making this pine less lia-

ble to have the entire prospect of a seed yield dstroyed

by frosts or by heavy rains during- polination. While

this may possibly explain why the loblolly pine has

come up as a regrovvth over so much of the moister

loam land, it has affected the growth of the pine bar-

rens very little.

The seed of the long leaf pine r<re very large, J to \

an inch long, independent of the wing-, while no other

pine of this region has seed over I an inch long-, but

there is a smaller proportion of abortive and otherwise
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imperfect seed in a long leaf pine cone than in the cone

of the loblolly pine. This would be decidedly to the

advantag^e of the long- leaf pine in seeding old fields,

etc., were its seed not too heavy to be carried far by

the wind. The}^ usually fall within fifty feet of the

parent tree, while the light winged seed of the loblolly

have been known to scatter thickly over fields from

trees over a quarter of a mile distant ; and single seed

are reported 'to have been blown several miles. Fur-

thermore, as described more fully beyond, the seed

of the long leaf pine are much more extensively destroy-

ed by hogs, fowls, squirrels, rats, etc. Another rea-

son for the exclusively loblolly growth in fields may be

that even when the seed of the two pines fall on the

same land the loblolly pmi^ by its rapid growth during

the first few ^^ears overshadows and effectually crowds

out the more slowly growing long leaf pine ; and the

latter, during this early slow growth are easily de-

stroyed by fires and by live stock. The two are, how-

ever, rarely seen associated together in second growth

woods. The seed ripening in October, fall to the

ground rapidly and if there is a warm moist season

sprout immediately. In the event of a long warm rain

just after the seed are matured, they will frequently

sprout in the cones and the entire yield will be thus

destroyed.

THE YOUNG PLANT.

The 3^oung long leaf pine seems to be specially adapt-

ed by the form of its root system for growing on a

sandy soil. By the end of its first year's growth, its root

system, which has grown rapidly, consists of a large

tap-root which extends 6 to 10 inches deep in the sand
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from the bottom of it branch out the smaller roots

which draw nourishment from the soil. It is this deep

seated root system, sent thus early far down into the

soil, which enables this pine to ^'•rovv on the sand bar-

rens, and it is doubtless because the roots of the loblol-

ly are small and divide for the first year or two into a

great many small divisions, lying- near the surface,

that it does not get sufficient moisture and nourishment

from the dry surface sand to enable it to* thrive on the

sand barrens before this land has been cultivated.

This lono- tap root of the long leaf pine fre([uently g-oes

through the sand into the loam soil and secures for the

tree a lirni anchorag^e against storms and enables it to

draw its nourishment from a more fertile soil. The
stem parts of the long leaf pine are as peculiarly adapt-

ed for growing on a sand soil as the root system is.

Instead of the stem branching or growing the first

year, it only puts out a great number of very long thick

leaves, exceedingly close to the ground. These leaves

soon spread out and help to shade the ground close to

the plant and keep it moist. At the end of the first

season's growth the single (terminal) bud is not over

an inch and a half above the earth and the bud itself is

nearly an inch long, so that it can be said that the stem

of the seedling does not grow any in height during-

the first year, all the energ-y of the plant being- divert-

ed to increasing- the root and producing the great tuft

of long deep green leaves which spread out immediate-

ly below the bud and make the plant resemble more a

tuft of some marvellous kind of grass than a young- tree.

Some of the lowest leaves usually die during the first

year ; most of them remain on for two seasons.

The second and third year growth of the stem in

height is slight, thoug-h it increases in thickness, but
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after that, at least in a forest, its growth is wonderful.

Frequently in a thick wood where young- trees have

been allowed to grow, they will in eight or nine years

after height growth has begun, have reached a height

of 18 or 20 feet and a diameter of no more than three or

four inches, and will have g'rown each year from only

one bud, the terminal one, at the end of the woody axis,

there being no branches and no sign of any having been

formed. For leaves there will be only a single broom
like bunch terminating the slender stem. The rapidi-

ty with which this stem is raised and the fewness of its

branches until the natural height of the tree is reached

makes one of the fiine qualities of the timber. It gives

long stocks which have no knots in them, even small

ones, to produce any uniformity of quality or to make
weak places on the interior of an apparently perfect

piece of timber. This feature which i^ the cause of so

fine a quality of wood is a great drawback to the de-

velopment of the young trees. This single terminal

bud is a very large and complicated structure, and

when once destroyed in any way no other bud is usually

ly formed by which the growth of the young seedling

can be continued. It is true of most conifers (/. e.

pines, firs, cypress and cedars) that they do not form

buds readily and that they rarely sprout from the stump
and are very difficult to reproduce from cuttings, etc.,

but with the long leaf such buds are formed and sprouts

developed even more rarely than with most other coni-

fers.

ENEMIES OF THE LONG LEAF PINE.

The long leaf pine has a severer struggle for exis-

tence than any other of our forest trees, for the reason
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that in all sta<jfes of its reproduction and g-rowth it is

more severely and continuously attacked by a greater

variety of enemies than any other. Besides the natural

drawbacks to its development from the peculiar manner

of forming- several of its parts, and the fact that these

parts when destroyed are not replaced, its larg-e and

sweet seed are eaten in larg'e quantities by fowls of

various kinds, rats, squirrels, and by swine, which pre-

fer them to all other kinds of mast, and when there is

enough long leaf pine mast become very fat on it. If

the destruction caused by swine ceased here there

would doubtless still be sufficient seed left to repro-

duce some parts of the forests as the mature trees are

gradually thinned out, for one year old seedlings

are common 12 months after heavy masts. No sooner,

however, has the young pine gotten a foot high and its

root an inch in diameter than the hog attacks it, this

time eating the roots, which until two inches in diame-

ter, are ver}^ tender, juicy, pleasantly flavored and free

of resinous matter. In the loose sandy soil the piny

woods hog or "rooter" finds little difficulty in follow-

ini>* and devouring these tender roots to their smallest

ends. Many small trees are destroyed in this way
;

and cattle, furthermore, are said to frequently bite off

the tops of the small plants, and with it the terminal

bud, in the early spring. This is doubtless done while

grazing, more accidentally than otherwise.

Fires often destroy all the young pines that escape

the hogs. They kill the small pines by burning the

highly inflammable bracts around the bud and so stop its

growth, or in high grass frequently burn all the leaves.

Larger trees, even until they are three or four inches

through, are easily killed in spring, when the sap is

rising and the outer layer of wood is growing rap-
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idly, by a hot fire which will burn the thin exfoliated

layers of bark all over the trunk. The loblolly pine is

less injured by fire because its bark is thicker and so

offers more protection to the ^-rowing- wood,—the bark,

too, lying- closer to the wood in firmly appressed layers,

does not so easily take fire.

So far as has been observed, young- long- leaf pines

are attacked by no injurious beetles or bark borers or

by any fung-i sufficiently to injure them. The mature

pines, however, have in the past years several times

been attacked by bark beetles in such numbers as to

destroy the pines over larg-e areas. A few trees which

have been killed from their attacks can be seen at any

time around the edg-es of districts when lumbering- is in

prog'ress, or about districts which have been recentl}^

lumbered.

The chief ag-encies, then, which prevent a reg-rowth

of the long- leaf pine on the hig-h sandy lands, are the

hog-s and the fires; and the attacks of the hog-s are di-

rected ag-ainst parts w^hich seem to have been develop-

ed to meet requirements of a plant g-rowing- on a dry

barren soil of loose sand. These peculiarly developed

parts are the seed, larg-e for a pine, which contain

abundant nutriment for the young- plant to enable the

root to push itself rapidly into the sand ; and then the

long- succulent root which g-rows for a considerable

distance straig-ht down w^ithout branching*. Since the

first settlement of these sand}^ lands the "rang-ing-" of

swine has been allowed in the forests, and while there

were enoug-h pines standing-, and frequent masts, they

fed a larg-e number of hog-s.

The practice of firing- the barrens, has been adopted

in many cases with a view to improve the pasturag-e
;

while in many other cases, after the trees were boxed,
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the leaves and trash pulled away from around them,

the forests were burned over to prevent, in a dry sea-

son, a chance conflag-ration o-ettino- from under control

and burnintr the faces of the turpentine boxes and the

timber. That this policy of burnin,i>' the barrens is a

very bad one and calculated to do far greater damag'e

than that immediately apparent has perhaps been made
evident. That sooner or later the present manag-e-

ment or lack of manag-ement which has characterized all

dealing's with the barrens for the past 140 years, must
be changed if the long- leaf pine forests are to be made
self-propagfating, no one who has ever seen their con-

dition, or fully realizes what it is, can possibly doubt.

The logical result of these burning's in the past has

been the destruction of millions of feet of standing pine

and the prevention of the gfrowth of young' trees; which,

had they started even 50 3^ears ago, would now be large

enough for small timber and turpentine trees ; while,

the burning-s of the present and future, if not soon dis-

continued, will mean the iinal extinction of the long

leaf pine in this State.

NITRIFICATION.

J. R. HARRIS.

The chang-es which nitrog-enous organic matter, or

any form of nitrog-en, underg-o in nature in being con-

verted to nitric acid, or nitrates, is called nitrification.

Nitrog-en is one of the most abundant, and at the same
time most important, elements in nature. More than
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three-fourths of the atmosphere around us consists of

nitrog'en, and it enters as an essential constituent into

all forms of animal and plant life. The complex nitro-

g^enous organic compounds found in nature are not as-

similated as such, but are in some wa\^ formed within

the plant from simpler nitroo-en compounds taken in

through the roots.

When these complex compounds are exposed to the

decomposing- agfencies of the air and soil the}^ readily

return to the simpler and most stable forms which can

exist in nature. The nitrates, as the last and highest

state of oxidation of nitrogen, are known to be the most

stable compovmds. As an evidence of this, vast deposits

of sodium nitrate have been stored up and preserved in

the rainless regions of Chili, Peru and other countries.

Minute amounts of nitrates are almost universal!}^ pres-

ent in soils and waters. They have been found b}"

many experiments and practical field tests to be the

form of nitrogen most acceptable as a plant food and

to an application of which the\^ most readily respond.

Nitrates would seem to have been indicated b}^ nature

as the most convenient starting point for the forma-

tion of all nitrog'en compounds
A knowledge of their wide-spread existence in tiature

and the very important relation which they bear to ag-

riculture has long* been known. Chemists have per-

formed many experiments and adv^anced numerous the-

ories as to the manner of their formation. This natur-

al phenomenon was evidently a process of oxidation

brought about by means of atmospheric and soil agen-

cies. Simple oxidation was not sufficient to explain the

notable nitrate formation in compost heaps and nitre

beds. The process was known to be much more active

and to take place near the earth's surface. Calcium

3
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carbonate or wood ashes were absolutely necessary anH

,

contrary to all oxidation processes, a limited supply of

air g-ave the best results. Carbonates evidently aided

in some way, probably in decomposing* the org'anic mat-

ter, but rapid decay hindered the process, and in com-

bustion, which is more rapid oxidation, the production

of nitrates was indeed very small. So that chemists

puzzled over this apparently inexplicable question for a

long- time before a true sug'g'estion was offered.

It is only within the past twenty years that a satis-

factory theory has been advanced and only within the

past three or four years, after the most careful and

painstaking" experiments by some of the most eminent

phvsiolog-ical chemists has the theory been accepted.

A. Muller (Landw. Versuchs-Stat, lb, 273. Jour.

Chem.Soc. 1873, 1267) observing* the rapidity with which

the ammonia of sewerag-e and certain waters chang-ed to

nitrates and that pure solutions of urea and ammonium
compounds were not susceptible to this chang-e, sug*-

g-ested that it was due to the action of ferments. The
truth of MuUer's sug-g-estion was first shown by the

labors of Schloesing* and Muntz (Conipt. Rend. 85,

1018). They studied the action of heat upon the pro-

cess and soon found that varying- temperatures exerted

a remarkable influence. A temperature of 100°C. for

one hour was sufficient to destroy the nitrifiable power
of certain soils and veg^etable moulds in which nitrifi-

cation was known to be most actively taking- place.

The addition of a little unheated mould however, served

to again start the process. This was very strong- evi-

dence that nitrification was in some way connected with

org-anized life. A powerful microscope revealed to

them the existence of numerous org-anisms of the most

varied kinds, being- most abundant in veg-etable mould.
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Nitrification could be started or stopped at pleasure

and was clearly seen to be due to the life action of

these micro-org-anisms. The observations of Schloes-

ing* and Muntz were soon followed by the publication

of the experiments carri-ed out in the Rothamsted

laboratory by R. Warington (J. Chem. Soc. 1878, 44).

In addition to confirming the previous experiments of

Schloesing and Muntz,Warington added many proofs

establishing the ferment theory and showing- its rela-

tion to nitrification. The results of his experiments

extending" over a period of about fifteen years (J, Chem.
Soc. 1878, 1884, 1885, 1889, 1891) are published with

all the minute details. And it is to the labors of War-
ing-ton more than to any one else that we owe our pres-

ent knowledg-e of the nature and results of the life ac-

tion of these microscopic org*anisms. The fact that

they were really lower forms of life was not generally

accepted, thoug^h the chain of evidence establishing this

theory now seems to be complete. They possess all

the attributes of org-anized life requiring" a suitable

temperature for their development and suitable food for

their existence. The most favorable temperature is

about lOQo F; above 120° or below 40° they are rend-

ered inactive, and are destroyed at 212°. The pres-

ence of org"anic matter and phosphates are essential.

They are destroyed by the action of disinfectants, in-

secticides, and the presence of any considerable amount

of alkalinity is detrimental to their growth, Just as

calcium carbonate or wood ashes were required in

n'.tre heaps so it, too, is necessary for the g-rowth.

These org^anisms are found much more abundant in

the surface layers cf the soil, a fact which confirms

observations, long- known to be true, that production of

nitrates was mainly confined to the surface. Even in
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warm countries where the natives collect the nitrates

accumulated as an incrustation on the soil, they are

aware of the fact that the efficiency of the bed depends

on removing- only the upper crust. Waring^ton found

the following- amounts of Nitrog-en as nitrate in two
fallow soils at R jthamsted:

In the fir.^t nine inches 25.5, 40.1 lbs.

•' "second " " 5. 0, 14.3 "

•' " third " " 5.5. "

Portions taken at different depths were added to di-

luted, sterilised solutions of urine containing- a little

calcium carbonate and gypsum. The formation of ni-

trates was accepted as evidence of the presence of the

org'anisms. In this way Warington succeeded in de-

tecting their presence at depths of six feet from the

surface, below this he was unable to find them. It is

especially note-worthy that there was always a period

of inactivity followed by a period of activity after the

introduction of the soil portions. This he regfarded as

due to incubation, and the time required was much less

in the case of surface portions. We would naturally

expect to find any forms of life near the surface, and

especially so, since the conditions most essential for

their growth exist in greater abundace in surface soils.

While Waring-ton's cultures were made in solutions, in

which the conditions were not the same as those of the

soil, he was better able to control them, emd to make
the experiments of any desirable composition. But lit-

tle is known of the way in which they iict, only certain

products are obtained as a result of the organisms' ex-

istence. AVhen a suitable nitrifiabie solution is seeded

with either a portion of a nitrified solution or of a soil

or soil infusion, nitrates are usually produced as the

final result. In some cases notable quantities of ni-
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trites were formed and they were noticed always to

precede the formation of nitrates. This led Waring-
ton to suspect the presence of two different oro^anisms.

And various attempts were made to isolate them.

The Pranklands (P. P. and Grace C; Chem. News,
March 21 , 1890) were unable to isolate them by g-elatin

cultures. The organisms either did not grow on gela-

tin or, when so grown, lost the power of producing ni-

trates. They finally succeeded in getting an attenua-

tion, one millionth of the original solution, by means of

the dilution method, which produced nitrates in suita-

ble solutions and had the microscopic appearance of

bacilli. Warington (J. Chem. Soc. 1891, 484) finally

succeeded in isolating the two organisms, the presence

of which was indicated by his previous experiments.

Thev are very similar in appearance and belong to the

same famil}^ The nitrous organism, isolated through
successive cultures in ammoniacal solutions made per-

manently alkaline with sodium carbonate, and contain-

ing phosphates, oxidized ammonia to nitrous acid only;

it produced nitrous acid in solution of milk, urine and
asparagine, and could apparently assimilate carbon
from acid carbonates. The nitric ferment did not pro-

duce either nitrites or nitrates from ammoniacal solu-

tions, in fact ammonia hinders its action. It rapidly

changes nitrites to nitrates.

Previous experiments of Warington (J. Chem. Soc.

1884, 637) had shown that in all experiments in which
nitrogenous organic compounds were used, the forma-

tion of ammonia preceded that of nitrites and nitrates.

Warington believed that ammonia was the only nitri-

fiable substance, and only such substances as were
capable of forming ammonia through the action of soil

organisms could form nitrates. More recent investi-
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g"ation has shown that the process takes place in at

least three different sta«»-es, and is probably due to the

action of different organisms. Kmile Marchal (Bui.

Acad. Belg-ique 1893 (3) 25, 727 abs. Chem. Cent. Blatt.

1894 2, 97) isolated some of the most prevalent soil or-

o-anisms and studied their action upon org-anic matter.

He was enabled to isolate by means of alkaline g-elatin

and peptone some thirty different species, all of which

chang-ed organic nitrogen into ammonia. Fifteen of

the number were energetic in effecting this change.

The Bacillus Nycoides, one of the most abundant in .

nature, produced ammonia from i^gg albumen, legumen

and gluten. A temperature of ^ibout thirty deg'rees C.

and a slight alkalmity was most favorable to its devel-

opment. Messrs. A. Muntz and H. Coudon (Ann. Ag-
ron. 19, 1893 No. 5 page 209) found that Bacilli, Bac-

teria, Micro-cocci, and 3^easts produced ammonia in

sterilized soils fnmi nitrogenous fertilizers. The pro-

duction of ammonia then is not due to the action of any

one species, but a great number of organisms have the

power effecting this change. Ammonia once formed

passes very rapidly into nitrates. This is shown by

the facts that although these organisms are continually

producing ammonia, yet only minute amounts of its

compounds can be detected in soils. It is also formed

in numerous other processes of putrefaction and decay,

the greater i)ortion of which escapes into the air to be

again brought to the soil by snow, rain and dew. It

is, however, generally admitted that plants may ab-

sorb some ammonia through the leaves, but the amounts

obtained in this way are believed to be very small.

When any considerable time has elapsed after a heavy

application of ammonium compounds to the soil, only

traces are found, whereas nitrates can be detected
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in fairly large amounts. Nitrates are continually

formed according to Bertlielot and Andre (Storer,

Vol. 1, pp. 307-8) in certain parts of plants. Here

the plant cells promote oxidation in a manner anal-

ogous to that of the micro-organism. They prove

this by inserting- portions of the stems of the amaranth,

plant into washed and sterilized soil. After a time a

notable nitrate formation had taken place in the soil

containing the plant stems, while none was found in

other soils similarh" treated but containing none of the

amaranth. Small amounts of nitrates are formed from

the action of electricity upon the nitrogen and oxygen

of the air. Rain water collected immediately after a

thunder storm invariably contains a greater percent-

age of nitrates than at other times. There are also

various oxidation processes continually producing small

quantities of nitrates. The}^ can usually be detected

in certain metallic oxides as ferric-oxide and manganese

dioxide, though it has not yet been explained in what

way these substances aid in the formation. The ac-

tion of all these agencies is necessarily slow, and some

nitrogen is lost to the soil, being given ofF in the free

state. In other changes, too numerous to mention,

great quantities of nitrogen jQ^i'lj return to the air.

There must exist somewhere in nature a means of

supph^ing this deficiency or the visible supply of avail-

able nitrog-en would annualW become less and less.

The experiments of Lawes and Gilbert and Pugh in

England and Boussingault in France, in which combined

nitrogen was excluded b}^ a series of wash bottles, were

long ago accepted as proving that a plant could not

utilize free nitrogen of the air. Recent investigations

show that this is not true of leguminous plants when
aided bv the action of certain soil organisms. It is be-
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lieved by some that the equilibrium between free and

available nitrog-en is in part preserved in this way.

When letjfuminous plants are g-rown under normal con-

ditions there are formed upon the roots small nodular

or wart like protuberances varyino- in size from that of

a pin head to a pea. They are o-enerally called tuber-

cles. Microbes are found associated with all tubercles,

and are plainl}^ the cause of their formation. Leg-u-

minous plants, when g-rown in sterilized soil, have no

tubercles and require nitrog'enous food for their growth.

If soil infusions are added to the cultures in sterilized

soil, tubercles are formed and the plants thrive with-

out the addition of nitrogenous manures. It is then

clearly not an inherent power of the plant, but depends

•upon the presence of the tubercles, which are caused

by the soil organisms. Atwater and Woods (Conn.

Station Ann. Report, 1889), found in a series of eight3^

nine experiments that, in all cases, where there was
tubercular formations there was also an increased g-ain

of nitrog'en, being' the gfreatest where there was the

g'reatest number of tubercles. So far as our present

knowledg"e extends root tubercles are confined to the

Leg'uminosai. They are readily produced on the roots

of any member of this family, either by inoculation,

the addition of small portions of crushed tubercles, or

soil infusions containing- the organisms. The concur-

rent opinion of all the investig*ators of this subject is

that the formation of tubercles is caused by the soil

microbes, and upon their formation depends the power

of the plants to assimilate free nitrog-en of the air.

Here the agreement ceases. There are about as many
different opinions in regard to the way in which this

nitrogen accumulation takes place as there have been

investig"ators of the subject. However it may be, it is



ELISHA MITCHELL SCIENTIFIC SOCIETY. 1^0

evidently a step in the process of nitrification, in that

nitrog'en is fixed in a form available to the plant. If,

indeed, nitrates are neither produced by the org-anisms

before this absorption takes place, nor within the plant

by the action of the cells, it is certainly converted into

a nitrifiable compound. It is only from a study of the

results of the life action of these micro-org-anisms that

the important role which the}" play in the man}" chang'es

taking' place in nature has been discovered.

THE EXHAUSTION OF THE COAL SUPPLY.

F. P. VEXABIvE.

Bodies of scientific men, as the British Association

for the Advancement of Science, and v^arious public

prints have for some time been discussing* the problem

of the earth's coal supply and its probable exhaustion.

There is a g-rowing- uneasiness on the part of the pub-

lic that the end of our supply of coal is in sig^ht and

that we are in dang-er of running' short of fuel. If the

ag"itation of the question would correct the present

enormous waste of fuel and lead to proper economy in

its use, the gain would be g-reat. The vast waste in

coke ovens, the loss in crude furnaces, in imperfect en-

gfines and wretched heating- appliances is enoug'h to

make any thoug'htful man stand agfhast. For instance,

a hig-h authority tells us that the loss in our heating-

stoves, g-rates etc., is 80 or 90 per cent, that is, one

ton of coal should last us nine or ten times as long- as it

does now or do that much more work. A family now
4
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usin^ ten tons of coal for heating purposes during the

winter could get along very nicely with one ton if the

heating arrangements were perfected. Any one who
has watched, on a still day, the long lines of smoke left

by passing trains or the black trails stretching for

miles behind ocean steamers can realize our prodigal

waste of nature's generous gift. Still I do not think

there is much reason for the dread that we are hastening

to a time when the coal question will lead to a new
struggle for existence, a painful illustration of the

principle styled "the survival of the fittest." Many
estimates of the coal supply and its probable rate of

exhaustion have been given. These are based on very

imperfect data and vary greatly but they all agree in

giving us a respite of from one to two centuries. Tak-

ing these estimates as approximately correct and agree-

ing to the assumption that the use will increase at the

rapid rate of the past quarter of a century, does not a

greater danger threaten than the comparatively slight

one of being forced to eat our food raw and winter in

the tropics?

Geologists tell us that these coal deposits were laid

away at a time when the proportion of carbon dioxide

in the air was much greater than it is now. These

masses of coal represent carbon dioxide decomposed and

so made available by plant life and then stored away.

We dig it up and burn it back to the original form, re-

storing the carbon dioxide to the air. These processes

of decomposition and reoxidation go on side by side at

present and Saussure has supposed a sort of equilib-

rium between the forces removing the carbon dioxide

from the atmosphere, such as the growth of plants, the

washing of rain etc., and those restoring it, as the

breathing- of animals, combustion of organic matter
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and decay. That such an equilibrium exists is not

above question. The changes in the amount of carbon

dioxide would be so slig-ht from 3xar to yQ3.r, however,

and accurate anal3^tical methods are so recent an ac-

quisition that there is no experimental proof to settle

the question. Still, it is clear that if the present propor-

tion of carbon dioxide in the atmosphere is dependent

upon a sort of equilibrium between, in the main, the

formation of carbon dioxide by combustion and its re-

moval by the g-rowth of plants, this balance cannot be

kept up if we enormously increase combustion, at the

same time cutting* down our forests and so limiting-

plant g-rowth. The removal of this prejudicial bod 3^

from the air by the formation of earth3^ carbonates is

too slow to materially affect the result. This means
then that the total amount of carbon dioxide in the air

must increase and of course its ratio to the ox3'g-enalso.

It is well known that this ratio does not bear much
increase before the dang-er line is reached.

One of the calculations of the present total amount
of carbon doxide in the air, or carbonic acid, as it is

commonly called, places it at some four billion tons.

Now taking- one of the estimates (Mr. Wister's) of the

consumption of coal for one hundred 3"ears, namel3%

840,000,000,000 tons, we find this is equivalent to

about 3,000 billion tons of carbon dioxide. This would

g-ive 30 billion tons a year, or seven and a half times

the present estimate of the total amount in the air.

This amount added to that breathed out 133^ the increas-

ing- population of the earth makes it manifest that, be-

fore the huudred years are out, we will be in the serious

dang-er of asphyxiation.

Thougfh the above estimates ma3' be somewhat be-

3^ond the mark, and, of course, they are offered as ap-
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proximations only, one cannot help thinking" that two
of the great problems of the immediate future will be,

devising- less wasteful methods for using* our fuel and
freeing- the air from the impurities we so recklessly

pour into it.

As to the question of our supply of fuel, the g-reat

strides in the knowledg-e and use of electricity leave

little doubt that it will furnish the lig'ht, heat and mo-

tive power of the future. We will not have to rel}^

upon the etheriiic force of Keely or others. Every
torrent, every waterfall, the motion of the tides, the

quiet flow of the rivers, reservoirs of pent-up rainfall,

all will be called into requisition to gfenerate for us

this force, so beneficent when tamed. Who would have

believed a few years ag-o that it would so soon have at-

tained its present position as motive and lig-hting" pow-
er ? It is already usurping- the place of fuel in extract-

ing- the metals from their ores and we have scarcely

entered upon the era of its use in the manufactures.

If, however, we must have fuel we need not seek

very far for inventions which mig-ht supply our needs.

It is not conceivable that we shall g-o on for another

hundred years with the inconvenient and wasteful use

of fuel in the solid form, any more than we would now
be willing- to return to the torch and tallow dip of our

fathers as a source of lig-lit. Gaseous fuel will be the

only form marketable in the next century and the soon-

er we come to this the better. The advantages in the

use of g-as for heating- and industrial purposes have al-

ready been experienced by those dwelling- in the natur-

al gas reg-ion and they are loath to g-ive it up.

The g-aseous fuel of the future will consist mainly of

hydrog-en and carbon monoxide. The first we can easi-

ly obtain by decomposing- water b}^ means of electricity
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and it is only a question of cost that interferes with its

present use. The second constituent, carbon monoxide,

can be prepared by the same ag-enc}^ from the carbon

dioxide or carbonic acid, of which we have been speak-

ing- and, if the demand justified it, the methods of pro-

duction for both of these substances could doubtless be

so improved and cheapened as to become entirel}^ prac-

ticable.

We must bear in mind that there is no destruction of

matter possible on the face of the g-lobe, and our use of

the coal means onl}^ that we change it into some not

immediately useful form from which, as we have just

seen, it is possible to recover it, thus brino-ing it into

use ag-ain. In this we would be but imitating" nature

in her C3xle of chang^es. Man dies, his bod}^ deca3^s

and its constituent materials come into g^eneral circula-

tion once more and are ready to be utilized in the build-

ing- up of a new man. Men burn a plant, some living

g-rowing plant somewhere gathers together the mate-

rials thus once used and scattered, and gets them into a

shape in which man can use them again.

We have not taken into account the possibilit5% as

shown by repeated experiments, of utilizing the sun's

heat and the immense amount of energy scattered by
it over the earth's surface. We are told that the total

amount of this energy poured out every 3^ear upon each

acre of the earth's surface is some 800,000 horse-power.

As Crookes says, what a waste is here ! A flourishing

crop grown upon that acre utilizes only some 3,200

horse-power and consequently 786,800 horse-power is

lost.

Even a small part of this caught, concentrated, set

to work, changed into electricity or stored up against

a rainy day when clouds come between us and our
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source of energfy, would suffice for all man's present

needs.

Of course, the coming- of a time when water-power

and sunshine will be the force-gfiving", and hence wealth

producing" conditions, will work many chang-es among*

the nations and the advice g-iven by some to such coun-

tries as -Eng-land, which can hope for but little under

these new conditions, to pay off their national debts

and so relieve posterity from all possible burdens, is

not without just foundation.

The outlook is, therefore, not so bad as it seems at

first sight and we may g-et along- very comfortably,

long- after our supplies of natural g-as, petroleum, and

coal have been exhausted. Still economy should be

insisted upon and these grand g^ifts of nature not

squandered.

SULPHUR FROM PYRITE IN NATURE'S
LABORATORY.

COIvLlKR COBB.

An interesting occurrence of native sulphur in York
county, South Carolina, came to my notice in connec-

tion with the work of the University Summer School

of Geolog-y, at King-'s Mountain, in the summer of

1893, and having- visited the place again with the class and

made a careful examination in 1894, I deem the occur-

rence well worthy of note and record. Sulphur crys-

tals have been described by G. H. Williams^' from the

*Johns Hopkins Univ. Circular, No. 87, April, 1891.
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Mountain View mine, Carroll county, Md., and Weed
and Pirssont have described the occurrence and form
of crystals from the Yellowstone National Park ; but

so far as I am able to learn this peculiar occurrence is

unique.

On the Greene place, opposite the home of Mr. K. B.

McSwain, near the north-east corner of York county,

and about two miles from the King's Mountain battle-

field, South Carolina, is a well-marked vein consisting

of two bands of iron pyrite about one inch in thickness,

with a band of calcareous quartz, from one to three

inches in thickness, lying between them. This is the

condition of things in the unchanged portion of the vein.

Following the vein to the northward and downward,
we find the quartz hone^xomed by the leeching out of

the calcite, and later the interstices are filled with na-

tive sulphur,' that portion of the pyrite lying next the

quartz having been changed to iron oxide. I was un-

able to find any dikes in the immediate neighborhood,

and though the vein was in a portion of its course fold-

ed with the schists composing- the countr3^-rock, the

folded portions were in most instances entirely un-

changed.

fAm. Jour. Sci., xlii, 401, 1871.
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HISTORY OF THE ATLANTIC SHORE LINE.^

HUNTER L. HARRIS.

The history of a shore line consists in an exposition

of the chang-es which have taken place in it; these

chang"es consisting chiefl}^ in its migration across the

land surface on which the body of water rests. If

this body of water be an ocean or in direct and open

communication with an ocean these chang^es of position

may be effected in two possible ways: (1) By an

actual depression or elevation of the water surface.

(2) By depession or elevation of the land mass along-

which the shore line occurs.

Without discussing- the reasons for such a conclusion

we may say that in the g-reat majorit}^ of cases the

first of these two causes need not be considered as a

factor. Usually it is the oscillation of the crust about

* This paper is a thesis prepared in the second course in Geolog-y

at Harvard College, and has been furnishrd me by Mr. J. B. Wood-

worth, the instructor under whose direction the work was done. It

is an admirable compilation, and serves as an introduction to the

more extended work upon which Mr. Harris had entered at the time

of his death.—C. C.
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the marg-iii of the ocean that causes the migration. If

this be in the nature of an uplift the sea will recede,

the shore line successively occupying positions further

and further out upon what was formerly sea-bottom.

If on the other hand a subsidence of the land surface

takes place, the sea will transgress the land and the

shore line will successively occupy higher and higher

parts of the land slope, that is, further and further

inward from its former position.

Slight changes in the position of a coast line may
take place in other ways than by bodily movements of

the land mass, namely by the deposition of material on

the margin of the sea-bottom, thus causing the shore

line to recede from the land and by removal of mate-

rial from the shore, thus causing the sea to transg'ress

the laud. These causes are however productive only

of comparatively small migrations when acting alone.

Evidently we must look upon oscillations of the land

mass as the chief cause of change in the position of

shore lines.

In order to get at the history of such a shore line as

that of the Atlantic of North America, we must know
how to read the evidence of its former presence in

places other than that now occupied by it. What are

these evidences ? Probably the most direct, as well as

the most exact, evidence is furnished by the actual and

characteristic marks left in the form of raised beaches

or bench marks. Another evidence is furnished by the

position and character of sedimentary deposits,

—

though the absence of evidence of either kind does not

necessarily mean that shore conditions were never pres-

ent there. While the presence ,of beach marks fur-

nishes more exact evidence of shore line position in cer-

tain cases, the application is not of so wide extent as
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the more gfeneral evidence of sedimentary deposits, on

account of the g-reater ease with which the former are

effaced. The burden of the evidence then lies in the

sedimentary deposits of the x\tlantic slope, or, more

accurately, of that part of North America whose sedi-

nientar}^ deposits can not be referred to some other

ocern or water body.

To decide what should be taken as evidence of prox-

imity to shore line we must be familiar with the prin-

ciples gfoverninor- the deposition of sediment. Running
water is the principal carrier of frag-mental materials

such as g*o to make up secondary deposits. These ma-

terials vary greatly in coarseness and in composition.

Far the greater part, however, is mineral matter, re-

sulting from the decay and disintegration of the rocks

of the land, and the fragments which compose it vary

from an impalpable powder to the greatest size which

can be swept along by water in motion—this latter de-

pending upon the velocity and volume of the current.

It is b}^ means of this principle of the carrying power of

water that we explain the sorting of those fragments

which find their way into moving water. A current of

high velocity will transport comparative!v large pieces

of rock material, until, by decrease of slope or by en-

trance into some other body of water, its velocity is

lessened; then the materials will be deposited, the coars-

est first and others in turn as the stream continues to

lose velocity. The finest may be deposited a great way
out in the ocean, sea or lake, which receives the trans-

porting current.

Since the ocean serves as a receptacle for all the

drainage of the land, there is being deposited, within

its minor depths and out to a distance of perhaps a

hundred miles from the land, all the solid materials
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bvoWfj^ht into it by streams. And since the ocean pro-

vides the gradual retardation of currents which make
their way into it, we have a perfect fulfillment of the

conditions of water sorting, and, hence, we may declare

the general rule that the coarser materials are depos-

ited near the shore and the finer out. Indeed, where

we find undoubted marine deposits including fragments

of large size such as grit or pebbles, we may reckon

with certainty upon the proximity of the sea shore

during the time when they were deposited.

So then the presence in any region of such fragmen-

tal deposits as may be judged from their nature to be

niarijic declare unmistakably the presence there of the

ocean at such a date in geological history as our study

of these deposits may refer them to. For instance, if

we were to find in Western New Jersey marine deposits

of Cretaceous age, dipping g'ently eastward, we should

conclude that during the Cretaceous period the Atlantic

shore line lay west of that point. How far west it may
have stood we must determine by other means, perhaps

by actual shore marks, such as a wave cut bench, or a

series of beach gravels or sand dunes. Or else from

from the coarseness of the sediments near their inner

border we may conclude that they mark the actual

shore line of that period.

Other processes of reasoning are often brought to

bear which cannot be dwelt upon within the narrow

limits of this paper. We should remember always

that such evidences as have been mentioned do not ne-

cessarily indicate the greatest amount of encroachment

of the sea within any given period, for deposits made
further inland may have been removed by the general

erosion of the surface: so also shore marks are compara-

tively seldom left as enduring monuments, and their
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absence may be no evidence of the absence of shore

conditions.

Of the relative position of land and water (and con-

sequently of the shore-lines) of pre-Cambrian times we
know almost nothing-. Those chang-es, which we call

metamorphism, have prog-ressed so far, by virtue of the

g'reat ag"e of these sediments and their position at the

bottom of the stratified series, that it is extrenieh^ dii£-

cult to read in them the conditions under which they

were deposited. We are quite sure that there existed,

at the beg-inning- of Cambrian times, a land area, made
up of pre-Cambrian sediments, lying- somewhere along-

the Atlantic coast region of North America. A series

of very old, hig'hl}^ altered and disturbed sediments

now exist as a land area forming- an almost continuous

belt between the Appalachian mountain system and the

present Atlantic border from Canada southward to

Georgia. This area, which is in the main supposed to

be pre-Cambrian in ag-e, is plainly shown b}" its struc-

ture to have been once involved in a series of compli-

cated mountain building- movements, and was in fact

part of a g'reat mountain system. Where this land once

rose to mountain heig-hts it is now a low, g-ently sloping-

and undulating- surface made up of hills of gently

rounded outline, all rising- to about the same height and

having in the distance the appearance of a flat country.

That is to say it has so long been subjected to the

forces of denudation that the mountain ridges which

once existed have washed away and finally disappeared,

leaving a land surface of low relief and weak topogra-

phy. What then became of all the material thus re-

moved? It found its v/ay into the borders of the ad-

joining ocean and was laid down as sediments, and so

to the east, south and west of this pre-Cambrian area
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lie now upon its edges where they were deposited, the

later sediments of the stratified series.

Havino- found out something" of the position of the

land of the Atlantic coast region at the initiation of the

Cambrian period, we may begin to formulate our

knowledge of the shore-line history from that date.

First let us observe that the evidence of former shore-

lines given by actual marks of the shore itself is of

such a transitory nature that we must not expect to

find such evidence in the older rocks. While they may
retain a perfectly characteristic form through the

Quaternary period or even long-er, the chances of their

preservation from earlier times becomes less and less as

w^e go back into the geological past. In the Cambrian

then we are forced to reason almost entirely from the

nature of the sediments, that is, their texture, and com-

position, and their position with respect to the source

of the materials forming them.

There are very few undoubted Cambrian rocks in

North America w^hich can with any degree of certainty

be ascribed to the Atlantic field of deposition. In the

Cambrian Correlation Papers of C. D. Walcott, a series

of rocks of Cambrian age, including slates, quart^ites,

conglomerates and limestones, are located and briefly

described under the general name of the Atlantic coast

province. These areas are rather small and discontin-

uous, and extend in a general southwesterly^ direction

from the southern coast of Labrador, across Newfound-

land, Nova Scotia, and ending in eastern Massachu-

setts. The age of each district has been determined by

fossils which occur, however, only in restricted zones

within the formation. The other members are often

classed as Cambrian only on conjecture: hence arises

considerable difficulty in interpreting the conditions of
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deposition. This difficulty is increased by the removal
of the o-reater part of these rocks by erosion, leaving-

widely separated patches which can scarcely be placed

in any reasonable relation with each other. Usually,

however, the series lie upon the eroded surfaces of pre-

Cambrian rocks, Laurentian and iVlgonkian, and often

show basal cong-lomorates formed from those rocks. In

such cases the materials seem to have been broug-ht

from the west or northwest, and from no great distance.

These areas lying about the Gulf of St. Lawrence
seem to show by the gradual chang-e in the character

of the sediment from basal conglomerate to limestones

formed at a moderate depth, that the sea transgressed

the Algonkian land westward, allowing^ the accumula-

tion thereon of the Cambrian deposits, first in shallow

bays and afterward in gradually deepening- water.

Reg-arding the Cambrian slates and quartzites of

eastern Massachusetts, Prof. W. O. Crosby says; "In
general the quartzite is more and the slate less abun-

dant northwestward, indicating that the ancient shore

line along- which these slates were deposited lay in that

direction, and originally the Primordial strata were
probably spread continuously over all the region to the

southwest of that line. " Also, " It is very clear that

the quartzite, north and west of the Boston basin, is

the source of the quartzite pebbles which play such a

prominent part in the composition of the conglomerate,

especially in the central and northwestern sections of

the basin."

Of the Cambrian section of Bristol county, Massa-
chusetts, Prof. N. S. Shaler says: "The frequent

return of conglomerate layers and the coarseness of

the pebbles show that during- most of the time when
the beds were accumulating- the region was near shore;
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SO too the larg-e amount of sandy matter even in the

slates affords a presumption that the reg-ion was not

remote from the coast line. The rocks from which

the pebbles were taken were mainly identifiable in the

western portion of the field above described.
"

The g^eneral inference is then that during- a large

part of Cambrian time the shore line was in a g-eneral

way coincident with the present shore-line from Mass-
achusetts northward; that- a gradual subsidence of

parts of the coast region ensued by which the ocean

transgressed the land, accumulating, as it moved
inward, a sheet of coarse deposits which were in turn

covered by fine argillacious and calcareous sediments

forming slate and limestone. These seem to have

been formed in a sheltered sea, hence the opinion is

that the land barriers existed somewhere to the east.

During this inward march of. the shore-line there must
have been many partial returns to its former position

but the general result was an inward extension, amount-
ing in some places to fifty, and in other places to one

hundred miles, from its present position.

When we attempt to reckon upon the southward

extension of the Cambrian shore-line we are entirely at

a loss, for, in the first place, we have no known Cam-
brian deposits south of New England which can be

clearly ascribed to the Atlantic field of deposition.

Apparently the Cambrian, as well as the whole of the

Paleozoic rocks are entirely missing from the southern

Atlantic province. This has led to the belief, which is

supported only by negative evidence, however, that

during the whole of the Paleozoic era the eastern

extension of the continent was much greater than it is

now. There is really little doubt that this was the

case, and the evidence of land barriers lying to the
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east of the New Eng-land section during- Cambrian

times, leads to a conjecture which may here be stated.

A persistent and connected series of Cambrian out-

crops lies along- the Appalachian mountain S3^stem from

Alabama to the river St. Lawrence. These are known

to have been deposited in the g-reat continental sea

which covered the central portion of North America

during- the whole of Paleozoic time and even later. These

Cambrian rocks with the other Paleozoic sediments

were involved in the orog-raphic movement which g-ave

rise to the Appalachian mountains. Their present

outcrop, however, is adjudg*ed to mark in a g-eneral way
the eastern border of the continental sea in which the}^

were deposited. To furnish this enormous thickness of

Paleozoic sediments a much larger land area must

have existed toward the east than now remains. The
fact that the denuded surface of much folded pre-

Cambrian rocks is seen now to disappear eastward

under the present continental shelf, in some measure

bears out this idea.

The conjecture now follows, that the Cambrian

rocks of New Eng-land heretofore described as belong-

ing- to the Atlantic coast province form really a part of the

Appalachian province; that is, that they were deposited

not in the Atlantic, but, along- with the not far distant

Cambrian rocks of eastern New York in the continen-

tal sea. This satisfies the conditions which have been

predicated of them, namely, that the}' were deposited,

not in the open ocean, but in a more or less sheltered

sea. The elevation of a part of this area in the pro-

cess of Appalachian mountain building- and the subse-

quent denudation of the whole of New Eng-land, reduc-

ing- it almost to base-level, would account for the

existence of the Cambrian rocks only in isolated
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patches, while the disturbance of their orig-inal strati-

tjfraphic position would make it impossible to read any

of their history by the stratigraphy.

If this conjecture be true, the "land barriers lying-

to the east " of New England would be but a part of

the broad pre-Cambrian land strip which extended

from some part of the North Atlantic in a southwest-

erly direction almost to the present shores of the Gulf

of Mexico. In such case all ideas of the Atlantic

shore line previous to the Triassic period are involved

in the statement that it existed at some distance east

of its f)rcsent position.

Taking up the thread of the history at the begin-

ning of Mesozoic time we find a series of elongated

basin deposits of Triassic (Rhaetic ?) date consisting

chiefly of red sandstones and conglomerates. These

rocks form a long train of detached areas stretching-

from central Massachusetts southwestward to South

Carolina. They lie unconformably upon the denuded

surface of the pre-Cambrian crystallines, and appear

to have accumulated either in shallow inland seas or in

sheltered eniba3^ments of the ocean. All of them are

separated from the present ocean by older rocks,

except that of Connecticut, which itself communicates

with it only by a narrow neck.

We have, then, in Triassic times very little evidence

of the position of the Atlantic shore-line itself. If the

Triassic rocks of Connecticut and New Jersey were,

as has been thought, deposited in embayed portions of

the ocean waters, or fronting the open sea, then we
must have had a coming in of the shore-line by sub-

mergence of the greater part of the pre-Cambrian land

area, by which the Triassic sediments accumulated

even upon the edges of the Paleozoic rocks of the conti-
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nental province. Such a submerg-ence must have

brouo-ht the ocean to the very foot of the Appalachian

mountains which had received their initial uplift just

before the beginning- of Triassic time. But, if on the

other hand, the deposits were made in lagoon-like

baisins of inland waters, the ocean shore-line may still

have stood as far out as at present, or farther. The
evidence is that those areas south of the New Jersey

area at least, were accumulated in inland seas. If

such was the case — and it is the most probable the-

ory — the Triassic ocean extended inland in a great

bay with its center somewhere near the mouth of the

Hudson River and its shore-line reaching to the base

of the Appalachians in western New Jersey and east-

ern Pennsylvania whence it swung gradually south-

ward to somewhere near the position of the present

shore-line.

The conditions of depositions of these sediments have,

however, always been difficult to reconstruct. No so-

lution has ever been offered which proved generally

satisfactory. The Connecticut basin seems to repre-

sent the estuarine phase of a river which was the an-

cestor of the Connecticut. From analogy, I would

offer as an explanation of the elongated similar basins

to the southwest that they also represent drowned
portions of consequent rivers which ma}^ be reasonabl}^

supposed to have existed at so short a time after the

folding of the crust which formed the Appalachian

system. The character of the deposits w^ould accord

well with this supposition.

Following the Triassic period of deposition came an

emergence causing a retreat of that part of the shore-

line south of New England, by which it assumed a

position coinciding with the present shore in Long'
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Island Sound, but gradually departing- therefrom to-

ward the south. In Maryland the departure amounts

to one hundred miles inland from the present coast and

it continues at about that distance to Georg-ia, where

it swing's rapidly westward and northward forming- the

Mississippi embayment of the Cretacous ocean.

The extensive denudation, which had been long-g-oing-

on over the permanent land area, now extended over

those Triassic rocks which were above sea level, and,

by the beg-inning- of Cretaceous time, this area was re-

duced to surface of low relief, much as it appears to-

day, but somewhat nearer base-level. Of the condi-

tions existing- during- Jurassic time we know nothing-

since we have no distinctly Jurassic rocks in this prov-

ince. But of Cretaceous deposition we have a g-ood

record in at least two formations whose inland exten-

sion is marked by the Cretaceous shore-line already

described.

A study of the earlier of these two formations by

W. J. McGee shows that, after the base-levelling- of

the ancient land area, which was achieved just before

Cretaceous times, a shoreward tilting* of the area took

place by which the streams were revived to such a de-

gree that they rapidly sank into deep narrow valleys.

A submerg-ence then caused the sea to invade these

estuaries, the coast assuming- in g-eneral the position

which marks probably the g-reatest transg-ression dur-

ing- Cretaceous time. Then followed the accumulation

of the Potomac sediments which, with their equivalents,

extend from New Jersey southward, certainly as far as

North Carolina, and probably as far as the Mississippi

embayment. A period of emerg-ences and retreat of

shore-line then intervened before the deposition of the

g-lauconite beds of later Cretaceous which are seen to
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overlie the Potomac. During- later Cretaceous then the

shore line returned nearly to its former position. Close

study of the different members of each of these forma-

tions would probably reveal signs of shore migrations

of comparatively small magnitude besides the sweep-

ing changes herein mentioned. Moreover it is not defi-

nitely made out that the inner border of existing Cre-

taceous deposits is the limit of encroachments of the

sea in Cretaceous time. Great denudation, going on in

Tertiary time, caused a second base-level to spread over

a considerable part of the ancient land area which had

been uplifted at the close of the Triassic; and it is to

be supposed that much of the denudation took place in

the relatively soft Cretaceous beds, by which large

areas may have been entirely removed.

Coming now to the Tertiary, we find that while there

were undoubtedly many oscillations of level during this

period, the principal Tertiary shore-line corresponds

closely to that of the Cretaceous from their most north-

erly occurrence (off Cape Cod) as :^r south as Virginia.

Between these points the two border lines are never

more than twenty miles apart. In Southern Virginia,

North Carolina, South Carolina, and part of Georgia,

the Tertiary border overlays that of the Cretaceous;

but from Georgia northwestward into the Mississippi

embayment, the Tertiary lies further out, allowing an
exposure of the Cretaceous beds in a strip perhaps fifty

miles wide.

In the Tertiary of the Atlantic coast province. Eocene,

Miocene, and probably Pliocene, sediments occur,

though in the case of one or more formations it is diffi-

cut to discriminate between Miocene and Pliocene.

Hence the term Neocene is often used to describe the

Lafayette (Appomattox, Orange Sand) formation of the
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middle and southern Atkuitic, which has been carefully

studied by Mr. McGee. There is usually more or less

unconformity^ between the three or more formations of

Tertiary, and often they are not continuous over the

whole Tertiary field, but thin out and disappear from

some portions while they reach ^reat height and thick-

ness elsewhere. It is difficult to say more than there

were at least three mig-rations of the Tertiary coast-

line caused by uplift and sul)sidence which took place

rather unevenly but never causing* any considerable

transgression over the border line already described.

It is reasonable to expect that the characteristic forms

caiised by the persistence of shore conditions at certain

levels would furnish evidence in the case of such recent

deposits as the Tertiary, and doubtless they would if

sufficient study had been made even of these terraces,

shore cliffs and raised beaches which are known to ex-

ist. Such shore marks would enter very prominently

into the investigation of the Quarternary shore-line to

which our attention must now be directed.

It should be remembered that there has been a suc-

cessive addition of essential land surface along the At-

lantic slope from Ca^X' Cod southward through all the

geological time from Triassicdown to Quaternary, and

a consequent recession of the j^hore-line eastward.

From Cape Cotl northward, liowever, the reverse has

to some measure been true, that is, there has been an

excess of subsidence over the constructive processes

l)y which all the deposits from the beginning of the

Mesozoic to the Quarternary, if formed at all, are now

buried beneath the sea.

The most marked feature of Quarternary time was

the great ice invasion. A prodigious accumulation of

ice in the northern half of the continent was accom^mn-
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ied by a spreading" out of its mass on all sides so that

it extended southward far into temperate lattitudes,

reaching- at its g-reatest extension the middle courses

of the Mississippi River. On the Atlantic coast of

New Kngland the g-lacial covering spread into the sea

and jDi'obably floated off as icebergs. As a result of

the abrasion and transport of rock material by the ice,

the glacial field is covered with deposits of irregular

distribution and possessing the peculiar characters by

which they are readily distinguished from ordinary

aqueous sediments. During the formation of some of

these glacial heaps, the land along the North Atlantic

coast must have stood somewhat higher than at present.

Some of these deposits, which were evidently made
upon the land, now lie as small wasting islands off the

present shores. Indeed it has been claimed that the

central part of the glacial field must have stood much
higher at the beginning of the glacial period than now,

the difference amounting to thousands of feet in the

region just south of Hudson's ba3% which was sup-

posed to have been the glacial centre. This has been

supposed a necessary condition to account for the accu-

mulations of snow and ice in such enormous quantities,

and its descent into lower latitudes. There is

evidence of such a condition in Europe in the horded

Scandinavian coast, as has been pointed out by Dana,

and the submerged valleys extending out from the

Hudson and other rivers may be cited as an American
evidence of a similar sort. But we have much clearer

evidence of submcrg-ence during a later part of the

glacial period, v/hich amounted to onl}^ a few feet at

New York City but increased northward, — reaching

200 to 225 feet off the coast of Maine, 500 to 600 feet

at Montreal and 1000 feet on the coast of Labrador.
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These approximate fi^fures are taken from careful

measurements by various observers of the heig'hts of

certain shore cliffs and marine deposits shown to be of

Quarternary age. I have omitted measurements of

various points between, and have given in the place of

exact figures a sort of general average of the observa-

tions of several persons, arranged in such a way as

to show the gradual increase in the amount of sub-

mergence going northward.

It is difficult to reconcile the views held by various

geolog'ists of the amount of subsidence which took

place at several points along the New England coast

and northward. The differences depend on different

criteria used in the discrimination of shore-lines, dif-

ference in opportunity for and general incompleteness

of observation, etc. The consensus of opinion, how-

ever, as regards the Atlantic shore-line is about as I

have represented it. The result of such a subsidence

must Jiave been the submergence of parts of the Maine

coast, parts of Nova Scotia, Newfoundland and

Labrador, and of a large area extending up the St.

Lawrence River to the Great Lakes.

Of the middle and southern Atlantic coast little has

been done in discriminating' and tracing the many
shore-line terraces of Quarternary age which undoubt-

edly exist as distinct features. Some mapping of the

Quarternary deposits has however been made. Of

these, one formation has been studied by McGee and

named the "Columbia" loam. It belongs especiall}^

to the middle Atlantic slox3e and is older than the

moraine deposits of the glacial epoch. It is both

iluviatile and marine and is scarcely observed south-

ward from North Carolina, where its inner border

approaches the jjresent coast. It represents a brief
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o-lacial submerg-ence amounting- to 400 feet in the

northern part of the field (New Jersey) and almost

nothing- at its southern limit.

Other Quarternary formations occur in the southern

field, of which the shore-line limit lies 10 to 50 miles

inland, from South Carolina to Florida. Here the

Quarternary forms one third of the peninsula (the

southern end) and thence the division line swing-s

along- the Gulf coast where it marks off a border

formation almost equal in width to the similar strip

along- the Atlantic states.

Far the larg-est area of land surface which has been

added to the Atlantic border is seen to to be of Terti-

ary ag-e. On the inner border of this a narrow strip

of Cretaceous and on the outer edg-e a thin layer

of Quarternar}^ sediments, make up, taken with the

Tertiar}', practical!}^ all that the continent has gained;

and the area represents the final amount of recession of

the Atlantic shore-line during- recorded g-eolog-ical

time. North of Cape Cod the result of oscillation

so far has been on the other side, and the coast-line

now probably stands farther in upon the land than at

the beg-inning- of recorded time. Here we have lost

rather than g-ained continental area.

The subjoined map attempts to represent the Atlan-

tic shore-line histor}" in the order in which I have

attempted to compile it in this paper. The study has

necessaril}^ been crude and incomplete in its nature

and is offered as an introduction to a more critical and
extended study which may be undertaken later on.
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AN EXAMINATION INTO THK NATURE OF
. PAL^OTROCHIS

CHARLES HENRY WHITE.

While Professor Ebenezer Emmons was "Geolog^ist

to North Carolina," he discovered a sing-ular form in

Montg'oniery county which he believed to be a fossil.

He announced the discovery in 1856, and owing" to the

low horizon in which he found it, reiJfarded it as the

o-dest representative of the animal kingdom on the

globe, and gave it the wd^jrw^ palccotrochis ; old mes-

seng-er. At this time he wrote a letter to one of the

editors of the American Journal of Science in which he

said: "It is evident that the fossil is a coral," and de-

scribed'it as follows: "Form lenticular-and circular and

similar to a double cone applied base to base; surfaces

grooved, grooves somewhat irregular but extended from

tne apices to the base or edge."^

In his Report of the Midland Counties of North

1, American Journal of Science, Vol. XXII. 2nd Series, p 390.



ELISHA MITCHELIv SCIENTIFIC SOCIETY. 51

Carolina, on plate 14 opposite pa^^e xx., lie gives a

section of the region in which the palasotrochis is

found, which is reproduced in Fig-. 1. On page 61 of

the same is the following descriptive section, enumer-

ated in the ascending order:

1. Talcose slates, passing into silicious slates, and

which are often obscurely brecciated. Thickness un-

determined.

2. Brecciated conglomerates, 300-4-00 feet thick,

and sometimes porphyrized.

3. Slaty Breccia, associated with hornstone.

4. Granular quartz, sometimes vitreous, and filled

with fossils and silicious concretions of the size of al-

monds; 200-300 feet thick.

5. Slaty quartzite, with a very few fossils, about 50

feet thick.

6. Slate without fossils, 40 feet thick.

7. White quartz, more or less vetrified, filled with l"os-

sils and concretions; 700-800 feet thick.

8. Jointed granular quartz, with only a few fossil;-.

9. Vitrified quartz, without fossils; 30 feet thick.

10. Granular quartz, no fossils, and thickness very

great, but not determined.

He says that some of the rock beds in which these

forms occur consist almost entirely of them, and are

intermixed with almond shaped silicious concretions

"v/hich frequentl}^ contain the fossil." He speaks of

their occurrence from the size of a small pea to two
inches in diameter, but b}' far the greater number be-

long to one or the other of two sizes; the smaller size

represented by Figs. 2—4, and the larger by Figs. 8

and 9. The smaller he calls pala^otrochis minor, and

in addition to the characters given above, "the apex of

the inferior size is exca.vated, or provided with a small
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roundish cavity, with a smooth inside, or sometimes

marked by li^rht ridg-es, which may be accidental; the

opposite side is supplied with a rounded knob, from

the base of which the radiating groves begin. "^ In the

larger, or pala^otrochis major the rounded knob and op-

posite cavity are absent.

''This fossil is a silicious coralline, and not silicious

from petrification. It seems never to have had a cal-

careous skeleton like most corallines: but, during its.ex-

istence, to have been entirely composed of the former

substance. The animal was gemmiferous—the germs

being sometimes cast off, in which case new and inde-

pendent individuals were produced; on others, the

germs adhered to the x^a-rent. These start from the

circular edge at the base of the cones; their growth

produced a change of form which is illusrtated in Figs.

2 and 4.2"

"The palaiotrochis is found at Troy, Montgomery

count3% at Zion about twelve miles south-west of Troy,

where the fossil occurs in the greatest profusion. It

has also been noticed on the road from Troy to Bir-

ney's bridge."'^

Shortly after the description of the palaiotrochis

was published. Professor James Hall, in a letter to

Professor Dana,'* suggested that these forms were

merely concretions. In 1868, Professor O. C. Marsh

in an article on this subject in the American Journal of

Science says that he suspected that they were inor-

ganic and an examination of the interior clearly indica-

1. Geolog-ical Report of the Midland Counties of North Carolina

E. Emmons, p. 62.

2. Ibid pag-e 63.

3. Ibid pa^-e 64.

4. American Journal of Science Vol. XL<V. p. 218,



ElvISHA MlTCHKIvI^ SCIENTIFIC SOCIETY. 53

ted that they were not corals, and as soon as microscop-

ical sections could be prepared, they were more care-

fully examined, but no trace of organic structure could

be detected, the entire mass being* evidently a finely

g^rained quartz. It follows therefore, he says, that

this name should in the future be dropped from the

g-enera of fossils. He says further: "Admitting the

inorganic nature of these remarkable forms, their

origin becomes an interesting question and it is certainly

not easy to give a satisfactory explanation of it," but,

that it seems to have some analogy with cone-in-cone

structure which is probably due to the action of pres-

sure on concretionary structure when forming. In some

respects the two are quite distinct, but evidence of

pressure is clearly to be seen in both. ^

With this the matter seems to have been dropped ex-

cept a general unrest among scientists, into whose

hands the specimens came, that the results obtained

should not be final.

The late Professor W. C. Kerr, State Geologist,

made a collection of these specimens with a view to

making an examination of them but did not live to do

the w^ork. That the subject might be further investi-

gated. Professor J. A. Holmes, State Geologist, vis-

ited the region and collected a large number of speci-

mens. For the same reason. Professor Collier Cobb,

at whose suggestion and under whose direction I make

this examination, obtained an original specimen col-

lected by Professor Emmons, from the Massachusetts

Institute of Technology.

With this brief history of the palaeotrochis, let us

examine its character, mode of occurrence, etc.

1. American Journal of Science,Vol. XIvV. p. 219.
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The specimens I have used are those collected by

Professor Kmmons and Professor Holmes, referred to

above.

The rock mass in which the specimens occur is g-ran-

ular quartz of a dark color and splits rouo-hly along-

apparent planes of bedding-. The weathered surface

of the rock is very rough, consisting- of the protruding-

fossil-like forms and cavities out of which they have

weathered, interspersed with more or less even patches

of weathering- concretions.

These protruding- forms are ccmiposed of quartz of a

lig-ht g'ray color, sometimes brown from oxides of iron.

Around each of these forms there is a ring- of softer

g-rayish white material, which in many cases has

weathered below the g-eneral surface of the rock, leav-

ing- the forms standing' up apparentl}^ in little cups.

The concretions in weathering- are also g^rayish white

and are circular in section, showing- concentric struct-

ure about very small neuclei. The fossil-like forms of

the palaeotrochis are larg-er than the concretions. I

counted in an averag-e specimen, twenty of the palaeo-

trochis exposed in an area of nine square inches, v.^hich

averag-ed about three-eig'hts of an inch in diameter,

never varying- much from that size. The concretions

were somewhat more numerous and considerably

smaller. The palaeotrochis is not distributed evenly

throug-h the rock nor does it occur in definite planes of

stratification. The individuals are turned in no definite

position with respect to each other, but with very

rare exceptions one apex or the other of the double cones

rests on bedding- planes or on planes parallel to these

—

not with the axis perpendicular to the plane but inclined

at a varying-ang-le depending- upon the flatness of

the form. Inother words, their g-eneral position is
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that which they would assume if left under the influ-

ence of gravity to collect under water. Fio-ure 10 is a

section at rig-ht ang-les to the bedding* planes showing-

their mode of occurrence.

The rock mass clearly shows evidence of considerable

pressure at rig-ht ang-les to the bedding- planes. This

is not only shown by the mass, but often by individual

specimens as shown in Fig-. 11, which, lying- in the posi-

tion it would naturalh^ assume, received the pressure

from above, g-iving- it its present form with the verti-

cal plane of fracture which has since been filled. Owing-

to the shape and position of the specimen, the pressure

would be unequally distributed, fracturing- it in the

direction shown for the obvious reason that the g-reatest

stress was in that plane. Lines of fracture are also

found in microscopic sections of specimens which do not

show it externally. Fig-. 12.

In form, isolated specimens and those exposed on

the weathered surface of the rock, answer to the de-

scription of Emmons, g-iven above (pag-es 50, 51, and 52;

also see fig-ures 2-7). But when the weathered surface

is broken away and a fresh surface is exposed, these

forms are enveloped in a gfray, translucent, radial

fibrous mineral, which vuider the microscope proves to

be an impure chalcedon}^ This, as we would expect,

weathers g-ray-white on exposure ^ and is washed away
faster than the surrounding- rock. The interior, or

palaeotrochis proper, I find is graunlar quartz as did

Marsh. The small concretions prove to be chalcedon}^

througdiout. There is a definite line of separation be-

tween the chalcedonic formation and both the surround-

ing- rock on the outside and the enclosed palaeotrochis.

1. Seepag-e 54; also Text Book of Geolog-y. A. Geike—Third Edi-

tion. 1893. p. 69.
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The concretions are also distinct from the rock mass.

Figure 13, taken from a microscopic section, roughly

illustrates these points.

Having' the general characters of pakeotrochis before

us, let us now compare it with the forms that it has

been thought to resemble and examine more carefully

the more minute details.

(1) Is it a concretion? "There is a general tendency

in matter, when solidifying to concrete around centres.

These centres may be determined (1) by foreign sub-

stances which act as nuclei, or (2) by the circumstances

of solidification, which according to a general law, fa-

vor a commencement of the process at certain points

in the mass, assumed at the time. As the solidifying-

condition is just being reached, instead of the whole

simultaneously concreting, the process generally be-

gins at points through the mass; and these points are

the centres of concretions into which the mass solidi-

fies.

" The concretions in the same mass are usually nearly

of equal size; hence the points at which solidification

in an}^ special case begins are usually nearly equi-

distant.

"In a concretionary mass, the drN^ng of the exterior,

by absorption around, may lead to its concreting first.

It then forms a shell with a wet unsolidified interior.

The interior may then dry, contract, and become

cracked; or, it nia}^ undergo no solidification, and remain

as loose earth; or, it may solidify by the concreting

process, forming a ])all within a shell, with loose earth

between. "^

If the forms we are considering were even spherical,

1. Dana's Manual of (icolo^^-, paiji^e C)2P.
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the most general concretionary form, we should still

have no difficulty in deciding- that they do not belong-

to the last class, since the interior is a compact mass
of semi-crystalline quartz, often showing- the layers in

which it was laid down by the ordinary process of

deposition. (Fig-. 14.) From what has been said of

their distribution (p. 54), they could not belong- to the

second class. The chalcedonic envelope is distinctly

concretionary, and reg-arding- the palaeotrochis as a

nucleus, they can belong- to the first class. But the

palaeotrochis itself is no ordinary concretion, which

Marsh admits and tries to find some analog-y between

it and cone-in-cone structure.

(2) Is it stylolites or cone-in-cone? "Stylolites are

cylindrical or columnar bodies varying- in leng-th up to

more than four, and in diameter up to two or more
inches. The sides are long-itudinally striated or

g-rooved. Kach column usually with a conical or rounded

cap of clay, beneath which a shell or other organism

may frequently be detected, is placed at right angles

to the bedding- of the limestones, or calcareous shales

through which it passes, and consists of the same
material. This structure has been referred by Pro-

fessor Marsh to the difference between the resistence

offered by the column under the shell, and b3^ the sur-

rounding matrix to superincumbent pressure. The
striated surface in this view is a case of ' slicken-

slides.
'"^

It is true that the palseotrochis shows sig-ns of pres-

sure, but, as already pointed out (p. 55), the pressure had
a tendency to deform the structure and obliterate the

grooves or striae instead of forming or constructing

them, while the layers of deposit of which the forms

1. Text Book of Geolog-y. A Geikie. 3d. Edition, 1893, p. 316.
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are composed, show that there was no pressure when
forming-, (p. 56, also Ficr.l4.) Neither are they in

the slig-htest deg^ree similar in form.

" Undoubtedly few of the structures classed under

the general head of concretions are more curious than

cone-in-cone. The name is descriptive, the structure

consisting' of corrug^ated or crenulated conical layers,

one within another, and in the more complex specimens

it is seen that thin layers of the rock, a calcareous and

sideritic clay, is composed of the closel}^ crowded nests

of cones, the axes of the cones being* transverse to the

bedding' planes. The height of the cones measures the

thickness of the layers, which is commonly one to four

inches. It seems necessary to suppose that during- the

compression of the layers of clay by vertical pressure

it is divided by an indefinite series of conical g'liding-

surfaces, which are corrug-ated b}^ the intermittent

character of the movement. "^

"Clay iron stones sometimes exhibit the reg-ular

structure known as cone-in-cone, in which case the

seam has a tendency to divide into cones, the bases of

which are towards the top and bottom of the bed, while

their apices are directed towards the center.
"~

By comparing; the character and mode of occurrence

of pala}otrochis with cone-in-cone, it is seen that there

is no similarity between them, but the quotations are

g-iven in full to show that no inorg-anic form has yet

been described which explains the orig-in of pala^otro-

chis.

The palaiotrochis is not two cones applied base to

base, that simply roughly suggests the general form,

and its failure to conform, even approximately, to a

1. Dynamical and Structural Geol., W. O. Crosby, p. 278.

2. Ore deposits, J. A. Philips, p. 165.



ELISHA MlTCHEI^Iv SCIENTIFIC SOCIETY. 59

g-eometric figure and its freedom from rigidit}^ in its

appearance, either in form or marking's, sug^crests that

it is not of inorg-anic orig-'in. And 3'et the persistence

in conforming- to a g'eneral outline, in the radial g-roov-

ing-s, and the rounded knob at one apex with the

smooth cavit}' at the other makes the conclusion irre-

sistable that it is not "accidental, " that they were all

formed under like conditions and in accordance with

certain laws, and no mode of crystrdlization or wholly

inorg-anic arrang-ement can be conceived that will sup-

pi}^ the conditions or sug-g'est the laws capable of imi-

tating* these forms. The rounded knob and the cavit}^

opposite are ver}^ striking-. I have examined many
isolated specimens and without exception the knob and

cavit}^ are present. Those exposed on the surface of

the rock, as has been pointed out, g-enerally show one

of the apices, and of those I have examined—upwards
of 300 in all—not one failed to present either a knob or

a cavity,^ with the exception of not more than four

whose apices had been so crushed by pressure that

these characters had been destroyed, or the knob sim-

ply broken off as in fig-ure 11. I have never 3-et found

one that had a knob at each apex or a cavit}^ at each

apex. These two marking-s seem to be as persistent

and as characteristic as the two valves of a brachiopod.

The cavity has the exact appearance of the socket

of a ball and socket joint. The inner surface appears

perfectly smooth under a magnifying- glass and viv-

idly suggests that it has been the seat of an organ or

of an organism.

(3) It has been shown so far that the palaiotrochis

1. This statement applies only to these which present an apex and
not to tho::e rare exceptions that do not present either apex.
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is not similar to any concretion or class of concretions

heretofore described and that it has no anology to

cone-in-cone or stylolites. Let us now examine the evi-

dence by which Professor Marsh came to the conclu-

sion that it is not a coral and see if he was justified in

that conclusion.

His conclusion, g-iven on pag-e 52 of this paper, is

not drawn from the form or external marking's, but

when he examined the interior with a microscope and

found no organic structure he deemed the evidence suf-

ficient and concluded that in the future this name
should be dropped from the g-enera of fossils. If he

had found org-anic structure of course the proof would

have been direct and positive, but the absence of or-

ganic structure is by no means a proof that it is of in-

org'anic origin, for Nicholson and Lydekker say, in

speaking of replacement by silica, the following*: "In

a larg-e number of cases of silicification, the minute

structure of the fossil which has been subjected to this

change is found to have been more or less injuriously

affected, and may be altogether destroyed even thoug-h

the form of the fossil be perfectl}^ preserved. This is

the rule where the silicification has been secondary,

and has taken place at some period long posterior to

the original entombment of the fossil in the enveloping

rock."^

Therefore it appears that Marsh's determination can

not be relied upon.

(4) Was Professor Kmmons justified in his state-

ment that it is a coral? It is true the g-eneral form, the

radiate striae, or grooves, and what he took to be

1. Manual of Pala:ontolog-y—Nicholson and Lydkekker. Vol. 1.

p. 7.
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the method of reproduction as described above (p. 52)

mi^i^-ht have seemed to him more sugg-estive of the coral

than of any known form, orofanic or inorg-anic, yet the

proof is not positive and I can find no just ground for

his position. ^

Admitting the organic origin of pala^otrochis, how
could it have been preserved? Considering its distri-

bution through the rock mass and the position assumed
by the individuals, with the material in which they are

imbedded, the explanation is possible by different meth-

ods. The first that occurs to me, and which is offered

merely as a suggestion is this: The indviduals dropped

to the sea floor and w^ere imbedded in ooze. This ooze

being largely calcareous but containing a considerable

amount of silica on beginning to solidify would have

formed in it, silicious concretions, just as the\^ are

found in the chalk beds of Kngland. Their origin is

explained as follows by IveConte: "Nodular concre-

tions seem to occur whenever any substance is diffused

in small quantities through a mass of entirely different

miiterial. Flint nodules in chalk. Carbonate of lime

modules in sandstone, &c."^
As concretions start around nuclei which are gen-

erally of a different material from the concreting sub-

stance, and are particularly favored by deca3^ing or-

ganic matter, it is quite natural to expect these bodies

of organic matter to be encased with silica at the same

1. I have found several specimens that answer to Professor Em-
mons's description of the process by which they are reproduced, and
at apparently different stag-es of the process. One of the best,

which was not in Enimons's collection, I have shown in Fig-. 15,

This answers better to his description than his own fig-ures, 2

and 4.
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time the small spherical concretions are being formed

about minute nuclei. Chalcedony often encloses or-

o-anic forms and so perfectly that the colors of the

plants thus encased are preserved. ^ After a great

lapse of time let all the calcareous matter of the de-

posit be replaced b}^ silica, and then follow a period of

pressure and uplift and you have the form as it occurs

to-day.

That solutions pass through chalcedonic envelopes is

shown in water geodes and in geodes containing bitu-

men. ^ In this view we would expect the cast of silica

in the shell of chalcedony to be purer than that which

surrounds these forms. This is observed to be the case

with pala^otrochis. (p. 5\-). And from the rule of re-

placement by silica (pp, 60, 61) we would be surprised

to find internal organic structure.

It is not the purpose of this paper to assign these

forms to any class or order, not even to show whether

they are animal or vegetable. But in passing we may
note certain classes of organisms, to one of which it

may be referred at some future time.

(1) It might have been a calcareous sponge whose

spicules were destroyed by replacement. Though as

no spicules have yet been found, it can not be put down

as a sponge.

Figure 16 represents a sponge similar in form to the

pakeotrochis.^

(2) It may belong to the class hydro2;oa.

1. Transactions of the Geolog-ical Society', Vol. II. First Series.

p. 510.

D 2. Dynamical and Structural Geolog^y, W. O. Crosby, p. 275.

3. Ward's Catalof,'-uc. p. 205. For description see Transactions of

the deolog-ical Society, Vol. 1. ]). 337.
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(3) It ma}^ be an org-an of some animal. The form

represented in iig-ure 17 is a "cast of what Nathorst
considers to be the radial canals of a species of a cras-

pedot Medusa, belong-ing- to the family ^Kq^uordae." ^

(4) They may prove to be of vegetable orig-in; an-

other variation of the many and striking forms assumed
by sea plants.

From the peculiar nature of the knob and cavit}^ I

offer as a bare sug»-gestion that in their original growth
they were probably joined togther as in Fig. 18.

These are mere sug'gestions to show that the palffio-

trochis is not vvholly unlike all org-anic forms,

thoug'h it can not yet be assig"ned a definite place among
org-auisms.

The purpose of this examination has been to call at-

tention to the work done on the pala^otrochis, to in-

vestigate the methods by which the results were ob-

tained, and to see if the concUisions reached would
stand the test of an examination made in the lig-ht

of more recent discoveries and by more modern meth-

ods.

I claim (1) that neither Kmmons, Hall, nor Marsh
made that careful and scientific investigation of these

forms necessar}' to just if3^ the conclusions reached, and
that these conclusions should not be accepted. And I

claim (2) that the weig'ht of evidence in the present

state of knowledg-e indicates that the pala^otrochis is

of organic origin. The reasons briefl}' summed up are:

(1) Its distribution in the rock. (p. 54)

1. lOth Annual Report, U. S. Geological Survey, 1888-'89. Plate
op. p. 676.
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(2) Positions assumed by the individuals, (pp. 54, 55).

(3) Their conformity in shape to a <^'eneral type as

persistently as that of any class of org-anisms. (pp. 51-

5S).

'

^

^

(4) The failure to conceive of any inorg-anic process

by which such forms could be produced, (p. 59).

(5) That they attract concreting' material and are the

nuclei of concretions, (pp. 54, 5()).

(6) Their general resemblance to determined org-anic

forms, (pp. 62, 63).

(7) An apparent method of reproduction, (pp. 52,

61).

It may take years of patient examination to find

direct and positive evidence by which the pala^otrochis

may be referred to its proper place among- org-anisms,

and such evidence may never be found, yet I believe the

importance of the subject justifies a much more extend-

ed and careful examination than it has yet received.
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EXPLANATION OF PLATES.

if" ^^tfjr ^ ^ <? /.i^^ ^ I

Fig-. 1. Section throug-h reg-ion of Palceotrochi.s Beds. After Emmons.
Fig-s. 2, 3 and 4. Palceotrochis minor. After Kmnions.

Fig-s. 5, 6, 7. Specimen found b^' Emmons, in possession of Prof. Col-

lier Cobb.

Fig-s. 8 and 9. Palceotrochis major. After Emrnons.

Fig-. 10. Showing- position of fossils in bed.

Fig-. 11. Pal(sotrochis deformed and fractured by pressure.

Fig-. 12. Microscopic section showing- fracture.

Fig. 13. Microscopic section showing- chalcedonic envelope.

Fig-. 14. Polished surface of rock showing- layers of deposition in

specimen.

Fig-. 15. Falcrotrochis showing- what Emmons described as budding-.

Fig-. 16. Spong-e.

Fig-. 17. An org-an of medusa.

Fig-. IS. Sug-g-estion as to possible arrang-emant o± palcsotrochis.
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THE ATOMIC WEICxHTS AND THEIR
NATURAL ARRANGEMENT.

F. p. VENABLE.

It is proposed in the following paper to emphasize

the necessity for the acceptance of oxyg-en as the stand-

ard for the atomic weig'hts, to point out the fact that

their absolute determination is not within the bounds of

reasonable hope; to show the folly of speculations as

to the primal elements in the present state of our knowl-

edge; and to sug-gest certain changes in the Periodic

Arrangement of the elements as given by Mendelejeff.

THE OXYGEN STANDARD.

In 1888 the writer of this paper published in the

Journal of the Elisha Mitchell Scientific So-

ciety, (Vol. V. 98.) a plea for the adoption of Oxygen
as the standard for atomic weights—a return to the

very wise and scientific usage of Berzelius. A reprint

of this paper was sent to the London Chemical Nerjcs

and must have been in the hands of the editor of that

journal when there appeared in its pages a paper by

Dr. Bohuslav Brauner, of Prag, upon the same subject.

The reprint mentioned was published in the Chemical

Nevjs a week or so later. The same standpoint was
taken in the two papers and largely the same argu-

ments used. Indeed it seemed almost incredible that

the two could have been written entirely independently

of one another. These facts were adverted to by Dr.

Brauner in a subsequent paper in the Berliner Beri-
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elite (Ber. deutsch. chem. Ges. XXII. 1175.) when

the question was being- discussed between Meyer and

Seubert, Ostwald and himself.

This was six years ago. The matter has not been

much discussed in the mean time. Still the desired

result has been partially attained. Many chemists

seem to have adopted the oxyg-en standard and it is

made use of in most recent work in this line. Some

have sDoken of this as only a temporary abandonment

of the \ydrog-en standard. This can be true only m

case the chief argument for the oxygen standard ceases

to be valid. This aro-ument is, that, in the majority of

cases the atomic weight determinations involve combi-

nations with oxvgen and hence the use of its atomic

weight in calculations. This weight should by all

means be hxed and not dependent upon determin-

ations of the ratio to hydrogen or any thing else, to be

upset every few years by new and "more accurate"

determinations. Only in two cases can hydrogen re-

place oxygen as the standard. First, in case suitable

compounds of the various elements and hydrogen can

be obtained. This does not seem very probable. The

second case is where absolute accuracy of determina-

tion is conceded as impossible and the final atomic

weights can be settled upon by some methods of math-

ematical calculation. Such methods have been sug-

gested but their adoption does not seem probable. It

Ts scarcely necessary to point out that the use of O as

16 or O as 15.9G would make a very marked difference

in the cases of elements of high atomic weights—sev-

eral integers for uranium for instance. Oxygen as 16

must remain the standard for the present and it will

be so considered in the remaining portion of this paper

and uniformity in this regard is very earnestly to be
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pressed upon all who desire the advancement of the

science.

HOW FAR IS ACCURATE KNOWLEDGE OF THE ATOMIC
WEIGHTS ATTAINABLE?

The atomic weiofhts are generally considered the

most important constants in chemistr}^ and A^et so im-

perfectly are they known and so varying the numbers
assigned them that it has not been possible so far to

settle finally whether they realh^ are constants or vari-

ables w^ithin narrow limits. The probability, however,

is so greatly against this latter view that the;.-e are few
who are inclined to accept it. As more than three

quarters of a century of work has been expended upon

them, work engaging the utmost efforts of the masters

of the science, as Berzelius, Dumas, Marignac, Stas

and many others, it may with perfect justice be asked

whether absolute accuracy is attainable.

Some have hoped that the more perfect knowledge

of the chemists of the present, the better methods of

separation, purification and general manipulation, and

the fine balances, would enable them to attain to the

desired accuracy. There have been, of course, many
improvements but any one who will carefully examine

the determinations of Berzelius will find many of them
in marvellous agreement with the finest work of late

times and when he goes over the list and sees for how
many of these atomic weights the work of Berzelius is

still relied upon as the best, he will be less boastful of

the progress and less hopeful of results from it.

Certainh% if accuracy is to be attained, then the

usual method of those who re-calculate these weights,

and in fact the only allowable method at present,
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namel3% that of taking* the work of different authors,

and critically averag^ing- it, must be rejected, for this

would never secure concordant results as they would

have to depend upon the judg'ment of the critic and

calculator. All of this back work must be wiped out

of existence, except for historical use, and we must
beg^in anew with every conceivable refinement of

method and apparatus, perhaps devoting-, as has been

sug-g^ested, some central endowed laboratory to that

work and that alone.

Calculations of "probable errors " have g-iven a seem-

ing* accuracy to many atomic weig^ht determinations.

In this chemists have followed the lead of Stas. It

seems to me that this is ver}' misleading-, these calcula-

tions often being- made upon small series in which the

possible error, as shown by the variation in individual

experiments, is ten times that shown by the calcula-

tion. In the proposed new determinations this method

of calculation should only be allowed in the case of

several hundred closely ag-reeing- determinations.

Of course, it might as well be confessed that abso-

lute accuracy is not to be even hoped for. The best

methods and appliances which can be devised or man-
ufactured will always be imperfect and there is besides

the personal error of the observer to be allowed for.

To what extent shall we demand accuracy, then ?

Where shall the line be drawn ? Is it to be at the first

decimal place or the second ? It seems useless or hope-

less to speak of the third. There can scarcely be

said to be an atomic weigfht at present known correctly

to the first decimal place. Take the numerous deter-

minations for oxyg-en, exceeding-ly modern and excel-

lently well carried out, and see how they vary between

16.0, 15.9 and 15.8 and look at the original series from
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which these results were calculated and see how they

are but the means of series with decidingdv varying-

fio-ures—a balancino- of errors perhaps. One is induced

to think that for many years, at any rate, the hig-hest

attainment to be hoped for will be a correct first dec-

imal.

These being- the facts, it is but false pedantry in

the present state of our knowledgfe to write these fig-

ures beyond the integ'er in most cases unless the deci-

mal is a larg-e one. In a few cases the first decimal

might be used. In no case is the second justifiable.

What would be gained by a knowledge of the absolute

atomic weig'ht beyond the satisfaction of having secured

that much knowledge of the truth? Do these costly

labors promise results sufficiently valuable to justify

them or are the energies of many of the most skilled

chemists misdirected and wasted ? Of course no true

labor is wasted, but an energy which would accom-

plish g-rander results in some other direction is wasted
if turned into trivial channels. All will acknowledge

that no good to practical chemistry would result from

weights known to the second decimal place. If known
approximately to the iirst every requirement of the

anal^^tical chemist would be satisfied.

Two thing's may be gained for science however by

such knowledge. First, the question of constancy of

weight would be settled, beyond all reasonable doubt,

and secondly, data Vv'ould be obtained for the discovery

or confirmation of underlying laws.

Some dim presentiments of such laws were seen

when these weights were in their most chaotic state.

The vision of them was obscured by the confusion of

standards and the disagreement in determinations. As
these difficulties were partially removed the way
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became clearer for the discovery of the inter-relation

of the elements and the dependence of their properties

upon their atomic weights. It must be remembered
that for several of the elements the atomic weigfhts are

unknown and for others are very poorly determined.

It is extremely important that these be correctly

determined, and work spent upon them is far from

wasted, but I must confess that I can not but feel that

further efforts to discover the ratio between hydrogen

and ox3'g-en are of little value to science and that chem-

ists generally would be more grateful were the same
labor devoted to such elements as thorium, cerium, or

nickel, and many others.

The question of the variation of the elements in their

atomic weights is a very elusive one and scarcely

capable of being finally settled by even the most accu-

rate work of the chemist. The supporters of the

hypothesis have always a loop-hole of escape in the

limits within which these numbers may be supposed to

vary. This variation is now narrowed down to the

decimal places. As the determinations become more
accurate, it is easy for the limit to be moved from

one decimal to another and so defy pursuit. Nothing
but absolute accuracy, an accuracy shown in every

experiment, with all sorts of varied proportions, and

not an averaged result, could finally end the discussion.

But with a settled standard and the atomit weights

known to the first decimal place, the way would be

clear for laws dependent upon their inter-relation.

APPROXIMATION TO WHOI^E NUMBERS.

Speculations upon the numerical relations existing

between the atomic wei«"hts be^fan almost with the
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first imperfect list of these weights. These took two
directions. First the ratios to some common standard

or unit as hydrog-en, and secondly the relations between
the weights of elements of the same group or famil3\

The first subject was looked into simultaneously in the

year 1815 by Prout in England and Meinecke in Ger-
man3\ The second was naturally taken up some years

later, the first to suggest numerical regularities being

Dobereiner in 1817 and he has been followed by a

number of others.

Prout's hypothesis has always attracted the most
attention. It may well be divided into two parts:

first, an assumption that the atomic w^eights are all

whole multiples of hydrogen. This w^as afterwards

modified so as to read that they were all integral mul-
tiples of the half atom of hydrogen. This half atom,

or rather bod}^ having half the atomic weight, was
called pantog-en. The second was a deduction from
the first assumption. If they were multiples of

hydrogen, then they must be composed of hydrogen or

of pantogen. Why this should be the case or was at

all a necessar}' deduction no one seems to have attemp-

ted to show.

The first assumption has been examined and worked
over bv many investigators with a view to proving its

truth or falsity. If proved true, it would be interest-

ing and useful, but it could never justl}^ be claimed

as showing that the elements were formed of hydro§*en

or the hypothetical pantogen. If we take the list of

atomic weights as calculated by Ostwald and select

those in regard to which we can feel sure that the

weight is approximately correct and if we disregard

variations of less than one tenth from the unit, then we
find that twentv-three out of thirtv-five are inteo-ral
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multiples of hydroo-en. Clarke claims forty-one out

of sixty-six but includes such as niobium, did3miium,

gallium, tung'sten, thorium, &c. A little critical

examination of his list will easily cut the whole num-
ber down to little more than half of the forty claimed.

The best that can be said is that about two in three

are whole numbers and the remainder run the full

rang-e of decimals from .1 to .9 and no halving of the

atomic weight can possibly hit upon them. When it

is considered that about as many of the elements are

whole numbers when h3'drogen is taken as 1.0025 as

when it is equal to unity, it will be seen how little

bearing- upon hydrogfen as the primal element the

facts of integ-ral atomic weights would have.

THE IMPROBABILITY OE HYDROGEN BEING THE PRI-

MAL ELEMENT.

I hesitate to discuss this question because I scarcely

think it is seriously urged but a few thoughts may not

be amiss. The supposition of a primal element having"

as its atomic weight half or any other fraction of the

weig*ht of hydrog'en is based simply upon the increased

number of coincidences of the atomic weig-hts with

whole multiples and can have little weight. Such an

hypothetical pantogen escapes all serious arg-u-

ment. But ag'ainst the supposition that hydrogen is

the primal element many things may be urged.

In its favor there is little beyond the fact that some

two-thirds of the different atoms, so far accurately de-

termined, have approximately integral weig'hts and

that, in the table of elements, hydrog^en occupies a

most anomalous position and refuses to be satisfacto-

rily arrang-ed in any of the g'roups or periods. If,
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however, we are to judge of this matter by ordinar}^

rules, it seems hig'hly improbable that an element of

such definite, postively marked characteristics can b}^

any kind of condensation or combination be chang-ed

into such markedly opposite bodies as as fluorine and

sodium or chlorine and potassium. We are coming--

more and more to reg-ard an element as representing'

an assemblag-e of properties. Thus chlorine stands

for a form of matter, gaseous and most energ-etically

neg-ative whilst a slig-ht increase of weig-ht brings us

to potassium a solid metal and most energ'etically posi-

tive and it is quite unlikely that this should be due

merely to a small additional condensation of such a

body as hvdrogen. It is contrary to the gradual

change of properties observed in cases of polymerism

or even homology in org-anic chemistr3\

The supposition of two or more primal elements,

condensed in varying proportions, is in accord with

phenomena known to us but of course is so far without

experimental or other basis if we exclude the mathe-

matico-spectroscopic work of Grunwald. Take for

instance, the widely different results obtained

by varying the ratio between nitrogen and hydrogen
in their compounds. Thus 3N and H give a well char-

acterized acid and N and 3H give an equally definite

base. This complete reversal of properties can no more
be attributed to the hydrogen alone than to the nitro-

gen. The primal elements might act in this wa}^ in

their condensation into the common elements.

There is no basis for the formation ^of any hypothe-
sis as to the primal elements and speculations on this

score are as idle as the dreams of the early Greek phil-

osphers. The future ma}' bring such knowledge as

will afford the needed data. Certainlv we are a lono-
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step nearer to it in the recog'nition of the fact that the

properties of the elements are dependent upon and de-

termined by the atomic weig'hts.

THE PERIODIC LAW.

A quarter of a centur}^ has passed since the first

announcement of the Natural Law and the publication

of MendelejefiF's table. The truth of the law in a g'en-

eral way seemed to be accepted very readily by chem-

ists. It was incorporated in text-books and there ex-

plained, but comparatively little use has been made of

it in teaching" the science. Even MendelejefT himself,

in his Principles of Chemistry, has not made the full-

est use of it. Victor Meyer, in his lecture before the

German Chemical Society more than a year ago,

showed how it might be used and how he used it him-

self, and probably, this will do much toward popular-

izing its use.

There must be some reason why so great a help to

scientific study is not made more use of. Does it lie in

a lingering distrust of the law itself or failure to accept

it or is it because of the imperfections in the arrange-

ments of the elements oflFered by Mendelejeff and

others? It is most probably due to the latter and this

paper is presented with the hope of clearing up some

of these difficulties.

The modern chemical world has recognized in the dis-

covery of Mendelejeff the greatest step forward since

the announcement of the atomic theor3\ It is too much to

expect that so great a discovery should spring full-pano-

plied from the head of its author. It has been accepted

by chemists in all lands and is the basis of present chem-

ical thought. Doubtless many have observed the im-
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perfections of the law's orig-inal form or rather the table

as first brought out. Probably some have ventured to

comment upon it. Such criticisms have escaped me with

one or two exceptions.

It is with much hesitation that I venture to point out

what seem to me to be imperfections and blemishes in

so great a work. Few may agree with me in calling

them imperfections. I do not purpose to detract one

particle from the greatness and importance of the es-

sential truths contained in this discovery. Mendelej-

eff 's table, as we have it at present, is a great advance

upon the first one published by him in 1869 which must

be pronounced tentative only and decidedly unsatisfac-

tory. The table of Victor Meyer is far behind it in

presenting the facts of the periodic law. There

have been many attemps at devising a graphic repre-

sentation of this law. I know of none which can be

called real aids to the student or which do not intro-

duce new ideas which, to sa}^ the least, have no basis

in the facts as known to us at present. None of them

can be regarded as a safe substitute for the simple ta-

ble of MendelejefF.

Taking that table I would venture to point out some

obstacles to its present full acceptance. These have

been in part revealed to me by the effort at an honest

presentation of this great truth of nature to honest-

minded, clear-sighted young men. Before mentioning

these difficulties which lie here in the path of a teacher,

I must preface that my criticisms are aimed at what I

may be allowed to call the tmessentials of the law.

Mendelejeff's great feat was in seeing clearly and an-

nouncing intelligently that the properties of the ele-

ments were dependent upon and determined by the at-

omic weights. This is the essential of the periodic
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law and is in accord with our fullest krxOwled<4-e. The
second part of the law as usually stated, that these

properties are periodic functions, attempts in a measure

to define the dependence. It may also be true but it is

not fully proved and is open to objections. It seems to

mo that this hypothetical portion could well be left in

abeyance until fuller knowledg-e g'ave it a stron<»-er foot-

in<>', meanwhile substituting- something- less open to crit-

icism and which cannot weaken the central truth.

Take this table and examine it. First we lind two

kinds of periods made use of—periods containing- seven

elements and those containing seventeen. If it had

only been possible to arrang-e all of the elements in

sevens as Newlands attempted to do, the periodic idea

would have been most convincing- and the law of oct-

aves running- throug-h nature would have seemed most

wonderful. But these elements do not admit of being-

arrang-ed in this way and the use of periods of differ-

ent leng'ths is to fresh young- minds, unacquainted with

mathematical expedients, somewhat forced.

Secondly, there is a very anomalous position assig-ned

to the triads or, as sometimes written, the tetrads, Fe,

Co, Ni, (Cu,) etc. They have been set off to them-

selves, clearly so as to make the other elements fall

even approximately into their places and into the proper

sevens. I say approximately, for the student soon sees

that althoug-h there is a similarit}" there is also a wide

difference between the elements of the lirst and of the

last seven in any x>eriod of seventeen.

Thirdly, in the lower periods, in order to g-et ele-

ments to fall into their places a g-reat many unknown
elements have to be interposed. Thus between cerium

and ytterbium, the next element in the list, there are

blank places for sixteen elements. The third large
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period of seventeen has only four known elements in it

and the fifth has only two. Of the five periods only

one is completely filled out. To say the least, this

shows a very imperfect knowledg-e of the elements, or

a great deal of guess work. In the table there are

sixt3^-four known elements and thirty-five blanks for

elements yet to be discovered. I hardly think it pos-

sible that the majority of chemists believe that after all

of our diligent search for the past centur}" less^ than

two-thirds of the elements have been discovered.

Where are the others in hiding? Will the}' be discov-

ered b}' the spectroscope in the rare earths? There is

certainly hope of finding some but the number to be

found is appalling. The average student thinks, in all

honesty, that the coincidences of the first part of the

table wmU scarcely justif}' such forcing and wholesale

interpolation. If our knowledge of the elements is as

imperfect as that, we have no right to force them into

periods. Some of them seem little inclined to fall into

these periods of their own accord. How do we know
that the remaining two-thirds ma}' not upset the entire

calculation? Certainly we are venturing a good deal

upon a very imperfect knowledge of the remainder.

Let us see how the matter stands. The periodic idea

may be true but we do not know enough about these

elements 3'et to be able to give this idea a very promi-

nent place in the natural law, and we ought to avoid

the assumption of so man}' unknown elements unless

absoluteh' necessar}'.

As I do not intend to tear down without some effort

at re-building, I would, with much real diffidence, fori

realize that I may be looked upon as one who would

rush in where onh' the great masters of the science can

safely tread, offer the following table as a substitute:



'A-
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M}^ first sug-g^estion is that the wording- of the Nat-

ural Ivaw be so changed as to read: " The properties of

the elements are dependent upon and determined by the

atomic weights. " The somewhat difficult idea of func-

tion is simplified and periodicity is subordinated. Then
I would substitute the following table for that ordi-

narily given. It is not greatly changed, and not much
originality is claimed for it, but however slight the

changes I would insist upon their value, because they

do away w4th the dependence upon periods, and they

certainly make the table an easier, more intelligible,

and more useful one to the student. There is no forced

effort at rounding off any period or group. There is

room for additional elements when discovered, but the

table is not dependent upon them.

Ivastly, the inter-relation is more clearly brought

out. I do not maintain that this table could ever have

been discovered without the idea of periods, though I

think it might. The periods still underlie it, but they

are out of sight for the present and are not necessary.

The table is not dependent upon them.

There are seven group elements having a mean in-

crement of two in their atomic weights. It is by no

means essential that there should be just seven of these.

At present we do not know more, but I think there is

possibly a place for one more having the atomic weight

21, differing widely from the others as it occupies a

singular position.

These group elements are also to be called bridge

elements as they show marked gradation of properties

from one to the other and so serve to bridge over the

groups and connect one with the other. Linked to

them by an increment of sixteen are seven typical ele-

ments. These show the distinctive properties of the

4
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^^roups to which they belong- and a wider divergence

from the next g-roup to them. From them can be de-

duced the properties for the remaining elements of

the group. Thus in group I Li is the bridge or group
element and Na the t3^pe. From this type two lines of

elements diverge, averaging* three to the line. These
triads would of course be changed into tetrads or pen-

tads 1)}^ the discovery of more elements. No impor-

tance is attached to the fact that at present they are

in threes. There is a distinct increment for each line

of elements. These can be averaged thus; Fig. 1 rep-

resenting the arrang-ement and increments for the first

three groups, and hg, 2 the arrangement in the last

four groups, the increments varying slig-htly. These
increments could be averaged in all except one case,

and the agreements with known atomic weig^hts would

be close enough to admit of the easy arrang-ement of

the elements in the prescribed order. Naming the

triads Right Triad and Left Triad respectively we
find that thcsj averaged increments would be as fol-

lows: the increment from group to t3^pe element is six-

teen; from the type to the first element in the Left

Triad iL. T.) is IS ; to second element L. T. is 63 ; to

the third is 112 ;—to the first element to the Right

Triad (R. T.) is 41-
; to the second R. T. is 88; to the

third is 177.
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Fig. I.
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The one exception is in the increment from Type to

III Iv. T. from g-roupIV to VII. Instead of being- 112

this is 141.

To the right of Group VII we have three triads

which have nearly the regular increments belonging to

the Right Triads, namely, 47 and 88. They are without

any type element, it seems most likely that they be-

long to one group. The Group element would have an

atomic weight of 21 and the Type one of 37.

The arrangement in the table then is partly one

based upon regular increments in the atomic weights, and

since these are so poorly known, partly upon our knowl-

edge of the chemical properties of the elements. When
it is recalled that about one half of the atomic weights are

imperfectly known it will be evident that these aver-

aged increments are ap^Droximations only. It is impos-

sible to bring out such perfect symmetry as obtains in

the homologous series in organic chemistry. And
yet these groups should be something of the same

kind. Following the analogy to the organic hydrocar-

bons a little further, may not the existence of a'l ek-

ment in two different conditions as to valence, &c., as,
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for instance, copper or mercury or iron be looked upon

as a spjcies of isomerism. Such speculations are of lit-

tle use, however, and quite apart from our present pur-

pose.

I have found this table very useful in teaching ele-

mentary chemistry and it can most profitably be made
the basis of the entire course. Thus in the first four

groups the left triad contains the elements most closely

resembling- the T3^pes. In the last three they are to

be found in the rig-ht triads. As to natural occurrence

of the elements, in the first four groups those in the

left triads occur in the same compounds and generally

in connection with the type ; those in the right triads

occur as the type or as sulphides or are free. In the last

three groups this is reversed. The right triad ele-

ments occur as the types and the left triad as the type

or as oxides. So too the properties of the elements

show this relation to the types. Take as an example

the specific gravities in Group II.

Be 2.1

Mg 1.75

Cal.5 2^n6.9

Sr2.5 Cd8.6

Ba3.6 Hgl3.6

It is not necessary to pursue this part of it at great-

er length. The careful teacher will easily work out
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all these comparisons for himself and will iind that

chemistr}^ taug-ht by the table is shorter fso much repe-

tition being- savedj and is easier for the pupil and its

symmetr}^ and beaut}' is much more easih^ broug^ht out.

There is no special claim for orig-inality made here.

The g-erms of such a table or arrang-ement can be found

in several text-books but I do not know of any in which
the idea is fully developed or such a table as this is

g-iven."^ I offer the whole as a sug-g-estion. Perhaps

some may find it useful who have met the same diificul-

ties which I have encountered. Others may have over-

come these difficulties in a still better way than this.

and yet others may see no difficult}' at all in the pres-

ent table. I think, at least, all will ag-ree with m.e

that there are difficulties and very g-enuine ones also

in the use of Mendelejeff's or Meyer's tables as g-ivcn

by the respective authors.

IMPROVEMENT IN THE METHOD OF PRE-
PARING PURE ZIRCONIUM CHLORIDES.

CHAS. BASKERVILLE.

The preparation of pure zirconium chlorides from

zircon is a rather long- and tedious process. Linne-

man's method, [Sit^. Ber. Kais. Akad, d. Wisseu-

Schaft. Vol. II, 1885, translated in Chemical News
LII, 233 and 240. on "Treatment and Qualitative Com^-

position of Zircon."] which is very long-, was much
shortened and simplified by Venable \fourn. Anal, and

* The arrang-ements of Bayley, Hinrichs, and Wendt are some
what similar but the ideas which I would make prominent, are ob-

scured by other considerations and speculations.
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Applied Chem. VoL Vp. SS^]- Bailey's method [/o/^r;/.

London Cheni. Trans. iSS6, p. i^g] of precipi-

tation by means of hydrogen peroxide is very expen-

sive, aside from the difficulties one encounters in pre-

paring- the reag-ent pure.

Having* learned that zirconium could be precipitated

completely, freed from iron and aluminium, [Baskerville

J. A??i. Cheni. Soc. XVI, p. 475.] by means of sulphu-

rous acid, when working* with the small amounts usually

employed in analysis, I proposed to apply the same

treatment to quantities in bulk for the purpose of

obtaining* a pure salt of zirconium.

The powdered zircon, washed with hydrochloric acid,

(100 g*rams) w^as fused and treated according* to the

directions g*iven by Venable \loc. c/L] up to the point

where the impure zirconium chloride had been freed

from silicic acid and was in a dilute hydrochloric

acid solution.

This solution was nearly neutralized with ammo-
nium hydroxide. A strong* stream of washed sulphur

dioxide g*as was then led into the cold solution to thor-

ough saturation. This required about fifteen minutes.

Partial precipitation occurred in the cold, but other

experiments had shown that the precipitation would be

more complete if this solution saturated with sulphur

dioxide was diluted largely and boiled. Five to ten times

as much distilled water was accordingly added and

the whole boiled half an hour in larg'e evaporating

dishes. The zirconium precipitated out and settled

nicely. No bumping occurred during the cooking

—

while hot, the liquid w^as rapidly gotten away by

means of an unglazed porcelain suction filter. The
precipitate was washed two or three times with

hot water, then boiled in water and again washed after
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filterino-. This precipitate was then dissolved in di-

lute hydrochloric acid and boiled to expel most of the

sulphur dioxide. The solution was re-precipitated

with ammonium hydroxide. The precipitated h}'-

drates were washed free from ammonium salts and

then dissolved in concentrated hot hydrochloric

acid. Five crystallizations from the stron^" acid were

found to be sufficient to remove the small amount of

iron remaining'.

Investigfations are now in prog^ress concerning- the

composition and nature of the precipitate produced by

the sulphur dioxide.

A NEW POST vOAK AND HYBRID OAKS.

BY W. W. ASHE.

During- the past two years, 1893 and 1894. I have

observed during' several trips throug-h the eae^tern sec-

tions of Virg-inia, Xorth and South Carolina, a larg-e

number of oaks morpholog-ically different from any de-

scribed species, and in most of the cases, where mature

fruiting- specimens have been secured, the characters

have required that they be referred to the already larg-e

list of oak hybrids. One of them, however, is a new
form of the post oak, distinct enoug^h to merit varietal

place, and so described. The other forms, wh.ch I

have examined, from which late fall leaves, winter buds

and fruit were secured, have proved to bt- hitnL^rto un-

described hybrids ; while a large number are hybrids

previous!}^ observed by others in different parts of the

United States and to the elucidation of which mv mea-
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ofre notes can add but little. I do not think the follow-

ing* h3^brids have been previously reported from North
Carolina : Quercus Ricdkinii, Q. sinuata, Q. aquatica

X Qi Cateshcei, Q. minor x Q. alba. The last one I

find in the middle section of both North and South

Carolina. In Mecklenburg- county I found a fine speci-

men of Q. coccinea x Q. pkcllos, but its characters do

not agree at all with the Q. hcterophylla as described

by Michaux in the Sylva or by Mr. Martindale. I have

a larg-e number of other forms from these and other

states which I have not yet looked over or from which I

have not yet succeeded in obtaining- fruit or flowers.

To several of these -hybrids, which are most constant

in form, distinct in character and which are not inter-

mediate in form between the parents, I have ventured

to apply specific designation.

The following are the forms in my herbarium which

I have looked over, with a few brief notes describing

them

:

Q. cinerea x Q. Catcshcei.—Form i.—The sessile

leaves, 3 to 5 inches in length, are narrowly oval to ob-

long, rarely oval in outline, with three short bristle-

tipped lobes at the summ.it ; or oval and entire. They
are either rounded or acute at base. Above they are

smooth and shining- ; below, whitened with the close

white stellate pubescence of cinerea. The veins are

straight and prominent Vv hile those of cinerea are ob-

scure. The twigs and buds are coarse and large like

those of Catesba^i ; but the bark and general appear-

ance of the trees is that of cinerea. The persistent

leaves turn, in the fall, first a 3'ellow and then by De-

cember a dull brown, at which date the foliage of

Catesbaei is scarlet or partl}^ green. The fruit, however,

is that of Catesban, frequently, with a tumid base to
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the cup, or the wall of the cup rolled inward around

the marg^in. These trees are frequent. Ten or twelve

were seen, which were essentially alike in foilag-e; and

those which had fruit agreed in that.

Form 2.—The leaves are long-er than in the above,

4 to 6 inches long- ; mostly oblong- in outline ; always

three lobes at the summit, usually with long- falcate

lobes; either dentate or lobed on the marg-ins. There
are some scattering- white pubescence of cinereaover the

lower surface and tufts of coarse hairs in the axils of

the veins. The bark is rough and black. The trees

usually fork and have the g-eneral appearance of Cates-

baei. The leaves turn scarlet in the fall like those of

Catesba^i. The acorns vary a g-ood deal but are more
g^enerally like those of cinerea. Several of these trees

were seen.

Q. cinerea x Q. laurifolia.—Leaves oval or oblong-,

1.5 to 2 inches long-, acute at each end; deep g-reen and

shining- above, below lig-hter and covered, especially on

young- shoots, with a scattering- appressed tomentum.

The leaves of young' shoots are variously lobed, espe-

cially towards the summit. The midrib is very prom-
inent, and also one or two pairs of lateral veins. No
tufts of hairs are in the axils of the leaves. Twig's are

covered when young- with a thick white pubescence.

The trees are small, 15 to 25 feet hig-h, with broad,

spreading-, g-lobose crowns, rather resembling- laurifo-

lia. Leaves remain brigfht g-reen, or partly turn

yellowish by December 6. Nut is brown, smooth,

obscurely ribbed, subg-lobose; cup deep, covering- from

one-third to one-half of the nut; scales smooth, firmly

appressed. Acorns are almost intermediate in character

between those of the parents, except in pubescence.

The fertile embryos are larg-eh^ atrophied. Several
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trees were found in different places, but always near

the coast.

O. cinerca x O. aqtcatica.—The leaves 2.5 to 3 inches

lono-, 1.5 to 2 inches broad, are broadl}^ spatulate; round-

ed or three lobed at the summit; rarely rounded at base.

Above they are smooth; below varying- from the thick,

white pubescence of cinerea to nearly sniooth, with

small tufts of coarse pubescence in the axils of the

veins. The venation is mostly obscure. They are

small trees, 20 to 25 feet in height, with drooping"

branches and rather sniooth g^ray bark. The twig-s are

pubescent save where the pubescence has worn off. On
December 2 the trees are nearly naked of leaves, the

leaves still persistent being- yellow, while type trees of

aquatica are g-reen. The nut is globose, brown, not rib-

bed, tomentose, as are the scales of the shallow or deep

cup; cups persistent on the twigs as those of aquatica

frequently are. Several specimens of this hybrid were

seen, all near the coast.

Q. petiolaris

.

—Q. cinerea x Q. tinctoria f—The
leaves are oblong or elliptical, 4 to 6 inches long and

1.5 to 2 inches broad; sinuate or crenate on the marg-ins;

mostly three lobed and dilated at the summit; truncate

or subcordate at base. The lobes at the summit are

usually bristle-tipped. Leaves are smooth above or

with glandular, septate hairs along the midrib; the

under surface covered with a close, brownish tomen-

tuni, wearing away with age; tufts of coarse pubes-

cence in the axils of the primary veins. The venation

is that of the black oaks (tinctoria and coccinea) with

4 to 6 pairs of prominent, impressed primary veins.

The petiole is one-half inch long. The long buds,

.3 inch, are lanceolate. The slender twig's are covered

with the brownish tomentum of cinerea. Five or six
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such forms were seen; all small trees with the bark

and g"eneral aspect of cinerea. By December 1 the

leaves have turned a lig-ht brown and are niostl}^ per-

sistent. The deep, nearly sessile cup, enclosing' nearly

one half of the nut, is top shaped and acute at base.

The laro'e, obtuse, pubescent scales are appressed or

usually so. The cup is strong-ly spreading- just below

the margfin. The nut is about one third larg-er than

that of cinerea, oval, pubescent; the persistent base of

the style is prominent. Only one tree was found

in fruit and its nuts were mostly imperfect.

The character of the pubescence on leaves, twig's and

fruit, the oval and entire form of a few of the leaves and

the g-eneral appearance of the tree indicate cinerea as

one parent. The other parent is one of the long"-peti-

oled leaved black oaks. Rubra, which probably does

not occur, or rareh% where this was found, would be

excluded b}^ the deep cup. The shape of the leaf

points to cuneata, but neither nut, cup or bud ag^rees in

any particular. The forms of nut and cup are clearly

toward those of tinctoria or coccinea, and especially'

does the thick wall of the cup and the ang-le made b}'

the outer surface just below the marg-in indicate one of

these species. I am inclined to say tinctoria.

O. zinerca x Q. nigra.—The leaves are 3 to 4 inches

long", 2 to 3 inches broad, usually broadest at the upper

end. In shape the\' vary from elliptical to ovate, rarel}^

slightly three lobed at the summit. The oval leaves

are acute at base and usualh' acute at the summit. The
others vary from rounded to cordate at base. Old

leaves are smooth above except on the midrib which is

covered with the close septate, stellate, brownish-

gfray pubescence of cinerea; below they are covered

with a down of the same color. There is a dis-
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tinct petiole one-eio*hth of an inch long-. The ve-

nation shows the dichotomous forking- so charac-

teristic of nig-ra. The upper bud scales are pubes-

cent. The leaves are thick and stiff. In the fall

they first turn yellow and then dull brown and persist.

They are small trees, 6 to 10 feet in heig'ht, with droop-

ing" branches and roug^h bark. Only a few nuts could

be found, only a few trees fruiting-. These were oval

and black ribbed, somewhat largfer than the nuts of

cinerea, and had disproportionately enlarg-ed hemispher-

ical cups, covered with coarse pubescent scales. The
trees in November have the gfeneral appearance of

nig-ra after the leaves have turned. Perhaps ten such

trees were seen, all in the neigfhborhood of the coast.

O. aqiiatica^ Q. nigra.—The leaves are 2 to 4 inches

long-, 1.5 to 3 inches broad; broadly ovate or deltoid in

outline, broadest above the middle. They are scolloped

or slig'htly 3 (rarely 5) lobed and short bristle tipped;

sessile and usually acute at the base. Above they are

g-labrous and also below, except in the axils of the prin-

ciple veins where there are tufts of coarse hair. The
leaves are thick and firm, and on November 24, were

mostly g-reen or the lemon yellow which withering"

leaves of aquatica turn. The venation is that of nig-ra.

The buds are small but hairy at the summit as are

those of nig-ra. The twig-s are slender and warty.

The pubescent—scaled cup is hemispherical, and en-

closes one-half of the ovate, obscurely ribbed nut.

The nuts are imperfect, often with the fertile embr^^os

but slig-htly more developed than the abortive ones.

The branches are drooping-; the bark is slig-htly gray.

Only a sing-le tree was seen, about 20 feet in heig"ht

and with a broad spreading- crown. Imperfect nuts

and cups were abundant, the latter usually remaining-

on the tree.
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O. dubia.—Q. phellos? x Q. . Leaves are en-

tire, 3 to 7 inches long, and 1.5 to 3 inches broad. They
var}^ in shape from lanceolate and linear lanceolate to

broadly ovate or elliptical. The lanceolate leaves are

shaped like those of phellos, broadest at the lower

third; the larger ones are obtuse at each end and S3^mmet-

rical. All are tipped with a single bristle. Above
they are smooth; below there is some scattered pubes-

cence over the entire surface and a line of coarse hairs

along both sides of the midrib, as is the case usuallv

in phellos. There are many pairs of prominent straight

lateral veins. The venation is something like that of

tinctoria. The stout petiole is nearly one-fourth of an
inch long. The slender buds, .15 inch long, are pu-

bescent, but the twigs are smooth. The distinctly pe-

duncled cup is top-shaped or hemispherical, with invo-

lute margin; scales small, bright brown, closely ap-

pressed, almost smooth. The cup is .6 to .9 inch broad,

.4 to .5 inch deep, and encloses one-half of the nearh^

globose, black and brown striped, hoar}^ nut. It fruited

abundantly.

Only a single tree of this remarkable form was seen.

This was in the open, and was about 25 feet tall, Vv^ith

a spherical crown and spreading branches. The trunk,

10 feet long, had a rough, dark bark. The leaves were
partially green and yellowish on November 20. They
all turn a dark brown and drop. When green it re-

sembles the evergreen magnolia. Although the shape

of the leaves does not bear me out, I think this tree

will prove to be a hybrid between phellos and tinctoria

or coccinea. The texture of the leaves, however, is

firmer than in any of those trees. There is no phy-

siological debarment, that I know, which might pre-

vent a third species from entering this combination.
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That is, a hybrid phcllos x tinctoria iiiig-ht in turn be

fertilized by cinerea or nig^ra, and this tree be the re-

sult.

Q. falcaia.—Q. phcllos x Q. cuneata.—The leaves

are 3 to 5 inches long", and 1 to 2 inches broad ; oval or

oblong- to lanceolate in outline. The smaller leaves are

entire, ovalin outline, and acute at each end and have

a verv short petiole ; while the larg-est are lanceolate

with several shallow lobes towards the base and a long"

terminal, frequently falcate lobe, tipped with a singde

bristle. The petioles are from one-fourth to one-half

an inch long-. The nearly sessile cup is saucer-shaped,

.5 to .6 inch in diameter and .2 inch deep with the close-

ly appressed scales tubercled at base. The cup en-

closes only the base of the gdobose or sub g-lobose nut

which has the lig-ht brown color, in dead specimens,

and wartiness peculiar to cuneata. Nuts are mostly

imperfect and many, only half-formed. A larg-e tree

60 to 65 feet in height with a larg-e and spreading- crown;

bole 18 inches in diameter, with a rough dark bark re-

sembling- that of phellos. The foliag-e was a lig-ht

g'reen on November 20 ; dead leaves turn at once a dull

brown.

Quercus iiiinor var. Marg-arctta.—The leaves are 2.5

to 3 inches long-, and 1.5 to 2 inches broad. They are

oval in outline ; entire, wavy-marg-ined or with three

spreading- lobes at the summit. They are mostly acute

at base, rarel}^ obtuse or truncate. Above they are

smooth, below they are soft downy. The slender pe-

tiole is from one-fourth to one-half inch long-. The
twig-s are slender and smooth. The buds are acute and

brig-ht red, sharply 5 angled and larg-e, .15 to .2 inch

long-. The cup is top shaped, rarely rounded at base,

sessile or nearly so. The cup is .4 to .55 inch deep,



ElvISHA MITCHELL SCIENTIFIC SOCIETY. 95

.45 to .5 inch broad aud covers one-half or more of the

slender brown nut which has a len«-th of from .7 to .8

inch and a breadth of form .4 to .5 inch. The nut is

silk}^ canescent at the summit and is persistently beak-

ed with the long- and slender base of the style. This tree

fruited abundantly in 199 +, and was theonh" hio-h ground

white oak in eastern North Carolina that did do so.

The}^ are small trees 20 to 30 feet in heigfht, g-rowing-

in the hig-h pine barrens of eastern North Carolina.

When trees are killed by fire the roots usually sucker

freely. The bark is similar to that of the type.
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REACTIONS BETWEEN COPPER AND CON-
CENTRATED SULPHURIC ACID.i

BY CHAS. BASKBRVILIvE.

Andrews- in writing- on the " Assumption of a Spe-

cial Nascent State," argued that the production of sul-

phur dioxide, as a result of the reaction between cop-

per and concentrated sulphuric acid, was due, not to

nascent hydrog-en, as is commonly considered, but to

the deoxidation of sulphur trioxide by the copper with

the production of copper oxide as a primary product.

Having- noted frequently the evolution of sulphur diox-

ide g-as before any evidence of this " copper oxide," at

the sug-g-estion of Dr. F. P. Venable, I beg^an some

experiments with a view of studying- this complicated

reaction, so simply treated in most text-books.

When m}^ work was completed, in verifying* my refer-

ences I chanced on Pickering-'s^ work on the same sub-

ject which had escaped me. Most of my work, espe-

cially that part which concerns the secondary reactions,

is in accord with that of Professor Pickering*. My
observations concerning- the primary reactions were not

1 Read at the Spring-field meeting- of American Chemical Society-

2, Chem. News, 70, 152 ; Iowa Acad, of Sciences. Proc. p. 4.
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the same however. In making known the latter, I feel

at liberty to give the results of my work, as indepen-

dent corroboration is of some value.

The reactions which take place when copper is

treated with concentrated sulphuric acid may be divided

into primary and secondary.

Primary:

(1) Cu+2H,S04 =CuS04+SO,+2H30.
This may be regarded as taking place in two steps:

(a) Cu+HoSO,=CuSO,+H,,
(b) H,+H,S0,-S0,+4H,0.

Still no h3^drogen could be detected in the gas given off.

(2) 5Cu+4H2SO, = Cu,S+3CuSO,+4H,0.
Secondary:

(l)Cu2S+2H,SO, =CuS+CuS04 + S02+2H20,
(2) CuS+2H2SO, =CuSO,+S+S02+2H20.

The experiments were carried out under various con-

ditions of temperature and time, exposure of the metal

to the action of the acid, and varying proportions of

metal and acid. The copper ribbon used was cut into

small pieces one cm. wide by two to three cm. long.

Concentrated c. p. sulphuric acid, 1.84 sp. gr. was
used. Each experiment, except where noted, was car-

ried out in a flask in which the air had been displaced

by a neutral gas, hydrogen or carbon dioxide. The
evolved sulphur dioxide was led through a strong

solution of sodium hydroxide and the sulphite formed

titrated with a standard iodine solution or oxidized by

])roniine, and the sulphuric acid determined gravime-

tricalh^ A rapid stream of the inert gas was driven

through the apparatus just at the close of the experi-

1 J. Loiid. CluMii. Soc. Trans.. 1878. p. 112.
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ment. Water was poured into the flask and the whole

quickly filtered, and the copper remainingf unattacked

was then cleaned as well as possible by rubbino-, dried

and weig'hed. The copper, as sulphate, was determined

by electrolysis. The residue was burned in a porcelain

crucible, treated with concentrated nitric acid, ig-nited

and weig-hed as copper oxide. Sulphur was determined

by weig^liing- a dried portion of the residue, treating with

carbon disulphide, and the loss in weig-ht taken as sul-

phur.
Primary Reactions. M}^ experiments showed that

the first of the primaryTreactions predominated when
copper was treated with concentrated sulphuric acid at

different temperatures (0"-27O" C.) At the highest

temperature it was found that that reaction alone took

place, but at all lower temperatures the second primary

reaction also occurred. The proportion of the material

following' the second equation increased from 0" to 100"

C, and then decreased to 270" C, when there was no

longer evidence of an}^ such reaction, that is, no black

residue was formed.

At the lower ^temperatures, under 100" C, onl}- the

two primar}^ reactions seemed to take place; at the

higher temperatures the secondar}^ reactions if the

action were 'prolonged, frequently set in, complicating

matters as far as quantitative determinations were con-

cerned. If the time of action were shortened evidence

of the occurrence of the primary reactions alone was
found. Having an excess of" copper"present was also

necessary, because as soon as all the copper had been

attacked the secondary reactions set in at once.

The conditions seemed most favorable for the forma-

tion of the insoluble residue at the temperatures from
100" to 130" C. as may be seen from the table. The
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proportion of the insoluble residue decreases rapidly in

either direction from these temperatures. Some insol-

uble residue is produced at all the lower temperatures

but none is produced when the reaction takes place at

270" C. and lasts for onl}^ a few seconds.
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persulphide and oxide, the latter being- dissolved in

the acid.

Maumene^ claimed that his black residue contained

four different bodies; copper subsulphide and three

oxysulphides, Cu0.2Cu2S or CujSoO, Cu0.2CuS or

CU3S2O, and CuO.CuS or Cu,SO.
In my analyses, as also in Pickering"'s, the sum of the

percentag-es of copper and sulphur alwa^^s approxi-

mated 100. In one experiment I did find a body whose
composition approximated Cu0.2Cu2S. I shall speak

of that apparent exception further on.

Calvert and Johnson'^ performed some experiments

on the action of strong and dilute sulphuric acid on

copper at temperatures from 130" to 150'^ C. They
noted the formation of the subsulphide and claimed it

was due to the liberation of free sulphur which after-

wards combined with the copper direct.^ There was
evidently something- very wrong- in their observations,

for they failed to note any action below 130" C. Bar-

ruel in 1834 had noted that action took place at the

temperature of the air. I have noted the action at 0" C.

According- to Andrews

Cu+SOg-CuO-f-SOs
CuO+H,S04=CuS64 +H,0

are the correct formulas, SO3 existing- at the tempera-

ture necessary for the reaction, and the insoluble resi-

due being- the oxide. That would do if the reaction

occurred only at those higher temperatures, whereas it

occurs as well at 0" C. Besides this the undissolved

residue is not the oxide at all, as he says it is, but

1 Ann. Chira. Phys.. 1846, 3rd Series. 18. 311: Traite de chiniie g-enerale. Pelouze

et Fremy. 2nd Ed.. I, 388.

2 J. Chem. Soc. 19. 438. 1866.

3 Pickering- proved thi.s impossible. The amount of sulphide produced was not

increased by adding sulphur direct to the experiment.
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iiivarial)ly the sulphide. In malvino- his analyses

verylikel}^ he determined the copper alone and the per-

centag-e of copper in copper oxide and cuprous sulphide

is the same. In a subsequent conversation with Dr.

Andrews, I haved learned that this was the case. This

black residue when thoroug^hly w^ashed free from any

sulphuric acid always g-ave off hydrogen sulphide on

treatment with hydrochloric acid.

The composition of the insoluble residue was deter-

mined by analysis:
Found. Calculated for Cu ^ S.

Sulphur 20.44 20.14

Copper 79.56 (by difference) 79.86

100.00 100.00

In the first of the two primary reactions,

Cu+2H,SO,-CuSO, + SOo4-2H,0,
it is seen that for each atom of copper found as sul-

phate, one molecule of sulphur dioxide should be

evolved. Calculating- on this basis from the following"

table we have the ratio of 2 : 3 between the copper as

subsulphide and the copper as sulphate unaccounted

for in the production of the sulphur dioxide.

Mo.
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Upon the second of the primary, that is, the cuprous

sulphide produced. If the experiment were carried

out so as to cause a rapid evolution of gas and the resi-

due not allowed to form a protective coating- over the

copper, as long- as an excess of the metal was present,

only the primary reactions occurred. This was accom-

plished at 160"-170° C. If the strips of copper were

touching- they almost always became bound together by

the anhydrous copper sulphate and a coating of the

black residue formed a protective covering- to the cop-

per. When such a state of affairs occurred, no sharply

defined line could be drawn to show, of these second-

ary reactions, when the first ends and the second

begins, because as soon as some cuprous sulphide is

changed to cupric sulphide, the latter is attacked by

the sulphuric acid, sulphur being one of the products

of the last reaction. Several experiments carried out

at 140''-150"C. when this occurred with an excess of

copper gave evidence of all the reactions, primary and

secondary. Sulphur was deposited on the sides of the

flask and the black residue contained 20.71 per cent,

sulphur, and the theoretical percentage for cuprous

sulphide is 20.138. This showed the presence of some

cupric sulphide in which the percentage of sulphur

is 33.592.

Some freshly prepared cuprous sulphide was treated

with concentrated sulphuric acid. Sulphur was deter-

mined in the undissolved residue, the free sulphur being

first removed.
Found. Calculated for CuS.

Sulphur 32.36 33.59

The formula.

^ Watts (vol. II, p. 41, 1875, Ed.) notes this complete decomposition.
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Cu,S+ 2H,S0, = CuS+CuS0, +S0,+H,0
explains such a chang-e.

Another portion of cuprous sulphide was boiled with

concentrated acid until it nearly all disappeared. The
free sulphur produced was determined.

Found. Calculated.

Sulphur 19.71 20.138

The formula

Cu,S4-4H,SO,=2CuS04+2SO, + S4-4H,0

shows the final result of the continued action of sul-

phuric acid on the subsulphide.

From these data the secondary reactions between

copper and concentrated sulphuric acid may be ex-

pressed by the two formulas,

1. Cu,S+ 2HoS0, =CuS+CuS04 +S0, +2H2O.
2. CuS+2H,SO, = S+ CuSO,+SO,4-2H,0.

The occurrence of sulphur on the sides of the flask

at the end of the reaction may be said to be due to the

sublimation of that element which is produced by the

direct decomposition of sulphuric acid without the

intermediate formation of hydrog-en sulphide for the

following" reasons:

1. If hydrog"en sulphide were produced by the decom-

position of the sulphide, it is natural to expect some to

escape in the g-ases which are g-iven off. None could

be detected.

2. As is well known, hydrog-en sulphide is decom-

posed by concentrated sulphuric acid.

3. The deposit of sulphur is first noted on the sides

of the flask and not in the delivery tube where the

g-ases, hydrog'cn sulphide, and sulphur dioxide, would

naturally come into the most intimate relations.

4. If flowers of sulphur be heated with concentrated
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sulphuric acid in a flask provided with a loug- outlet

tube, much of the sulphur will be seen to creep up the

sides of the flask, and some sublimed even into the

tube, which shows that the state of affairs observed

may be attained without any trace of hydrogen sul-

phide being present.

COPPER OXYSULPHIDE.

Contradictor}^ evidence to what has been stated above

was found in one case where the insoluble residue

approximated Cu0.2Cu2S in composition. This is one

of the ox^'sulphides stated b}^ Maumene to exist in the

black residue. The acid was heated to 250*^ C. in an

Erlenmeyer flask. The air was not removed by an

inert gas. The copper was suspended in long strips,

only a third of which was immersed in the acid, the

other part being exposed to the air.

The black residue formed under these conditions gave

on analysis:
Calculated for

Found. CUO.2CU2S.

Sulphur 16.16 16.15

OxYg-en 3.54 4.03

Copper undetermined 79.82

Schuster^ found that copper was acted on by dilute

sulphuric acid only in the presence of atmospheric

ox3^gen. Traube- noted that copper was not oxidized

in moist air, but was slowlv in the presence of dilute

sulphuric acid. Although copper is unable to decom-

pose sulphuric acid at ordinary temperatures (accord-

ing to Traube) its affinity for SO^ and that of hydrogen

for ox3^gen are together sufficient to cause such a decom-

position, the probable reaction being:

1 Proc. Ro.v. Soc. 55, 84; Ber. d. chem. Ges., 28. 219.

2 Ber. d. chem. Ges.. 18. 1887-1890.

3 Loc. cit.. p. 138.
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Cu+H„SO,+02 = CuSO,4-H202,
and CuH.O.^CuO+ H^O.

I could detect no oxyg-en in the g-ases given off when
the experiments were carried out in an inert atmos-

phere. Nor could I detect hydrogen dioxide. Traube
himself states that no "active" oxygen was liberated

in the reaction because carbon monoxide was not oxidi-

zed to carbon dioxide. Pickering^ suggests that the

sulphide formed is "oxidized at the time of its appear-

ance by the oxygen which w^ould be liberated at the

surface of that portion of the copper which is immersed

in the acid, since the whole arrangement would form a

galvanic cell consisting of a metal, a liquid, and a gas."

University of North Carolina.

SOMK OF THE PROPERTIES OP CALCIUM
CARBIDE.

BY F. P. VENABLE AND THOMAS CLARKE.

The calcium carbide used was prepared by the Wil-

son Aluminum Conipan}^ In this preparation, lime is

mixed with some form of carbon, as coal-tar; the mass

is then heated, with stirring, until a thorough mixture

is obtained. The proportions are so arranged that the

mass becomes dry and hard on cooling. This mass, in

lumps, is then placed in the electric furnace. In a very

short time after the turning on of the current, the pro-

cess is complete. The molten mass can be run out of

the crucible or it may be removed after cooling. On
examination, it is easy to see that there is more or less

carbon unchanged, or rather converted into the graph-
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itic variet}" by the intense heat. Along with this are

to be seen crystalline masses, lustrous and dark brown-

ish black in color.

These are quite hard, and break with a crystalline

fracture. Several eiforts at effecting- a separation from

the g-raphitic carbon were unsuccessful. The lustre is

slowly lost on exposure to air, more rapidly if the air

be filled with moisture. The work will finally crum-

ble down into a gray powder with particles of black

graphite interspersed through it. The carbide can be

kept for a year or two if placed in a tightly stoppered

bottle and is quite easily preserved if a little coal-oil is

placed in the vessel containing it.

B}^ far the most interesting property of this carbide

is its decomposition when brought in eontact with

water. The metallic carbides seem to be distinguished

by the ease with which 'they exchange their carbon for

the oxygen of water or for the radicals of various acids,

the carbon combining with the h3^drogen to form var-

ious hydrocarbons. Several authors have reported that

the decomposition of this particular hydrocarbon caused

the formation of acetylene. Experiments were carried

out by us proving this fact, some time before there

were any publications concerning it in the chemical

journals, but we were not at liberty to publish any-

thing concerning- it at that time. If the gas, as evolved,

is passed through a set of absorption flasks containing

ammoniacal copper solution it will be entirely absorbed,

not a bubble passing through, out of one or two liters

of gas. Thus it seems to be pure acetylene. The
amount of gas yielded by an}" one sample will be

affected to some extent by the amount'of- graphitic

carbon present. Hence different lots will vary some-
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what. The average is about 200 cc. to the gram of

carbide.

If the gas be ignited, as it is evolved, it gives a smoky
flame; if it be considerably diluted, as one part of gas

to from six to ten of air, a flame of great brilliancy and

intensity is gotten. A company has been formed to

introduce this as an illuminant upon the market. The
cheapness of the materials used and the ease with

which the gas can be found ought to make it a valuable

and useful addition to our illuminants. If too large

a proportion of air be admixed a very violent explosion

can be brought about by igniting it. In some cases we
have noticed the flame rapidly travelling backwards

along a rubber tube towards the gasometer in which

the gas was stored. One explosion taught us that care

was necessary in handling the mixture.

Several analyses were attempted of the carbide, but

for obvious reasons failed to give very satisfactory

results. In the first place there was uncombined car-

bon present, also a small portion of a tarry matter,

which could be detected by heating to high tempera-

tures, and lastly, the specimens worked upon were sev-

eral months old and in spite of careful keeping, had

been slightly acted upon by the air and so contained

uncombined lime or calcium carbonate. Moissan gives

C 2 Ca as the formula calculated from his analyses. This

would agree well with the decomposition by water;

C^Ca+HO.^C^H^ + CaO.
Action of Hydrogen upon the Carbide.—Dry hydro-

gen has no action upon this carbide in the cold. Sev-

eral small pieces of the carbide were placed in a piece

of combustion tubing, drawn out at one end to a point

suitable for testing the flame. Dry hydrogen was then

passed over it and as soon as the air was expelled the
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hydrogen was io-nited at the jet and a lamp placed

under the tube so as to heat the carbide. In a little

while the colorless flame became luminous and remained

so a short time. A brownish, tarry matter condensed

in the cooler parts of the tube. The mass of the car-

bide assumed a dull grey tint and a ver}^ thin white sub-

limate collected at a short distance from where the tube

was heated. The ignition was carried on for five hours.

The driving off of this tarry matter seemed to be the

on]}' action. The substance on removal from the tube,

was still hard. On exposure to the air, it disintegrated,

and, if thrown into the water, it was decomposed, show-

ing the same behavior as the original carbide.

Action of Air and of Oxygen.—Some fresh pieces of

the carbide were placed in the tube and heated while

dr}' air was passed over them. A luminous flame was
gotten as before and the same tarry matter was driven

off and then there seemed to be no further action. Tests

showed the carbide apparently unchanged at the end

of prolonged heating.

Ox^^gen was then passed over some of the carbide

which was being moderateh^ ignited. No change was
observed after two hour's heating. If the temperature

was very high, such as that gotten in a combustion

furnace, the carbide glowed brightly, as if burning,

and a nearly white powder was obtained. The com-

bustion was imperfect, however, unless the tube was
very hot and the ignition prolonged. This refers not

merely to the graphitic carbon mixed with the carbide

but to the carbide itself. In several experiments the

substance withdrawn from the tube, after heating

some hours in oxygen, decomposed violently in water.

It may be added, as was to be expected, that carbon

dioxide had no appreciable action upon the carbide.
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Action of Hydrochloric Acid.—Hydrochloric acid

had no action upon this substance in the cold. When
passed over the heated substance it caused it to swell

up and assume a dirty g"ray appearance. A small

amount of a liquid, apparentl}^ water, collected in the

cooler portions of the tube and parts of the carbide

fused down in g-lass}' o;-lobules and masses. These
were soluble in water and were easily shown to be cal-

cium chloride. White fumes were evolved, some of which

settled as a white solid upon the sides of the tube.

Action of Chlorine and Bromine.—When chlorine

was passed over fresh carbide in the cold no action was
observed. If even a moderate heat was applied, how-
ever, the lumps of carbide glowed very brightly,

swelled, and fused togfether. A slight yellowish white

sublimate was found in the tube. The fused mass was
calcium carbide.

Bromine mixed with air was then passed over the

fresh carbide. In the cold no action was observed. On
heating, the carbide became red and the smaller pieces

glowed. The lumps fused together and bubbles were

observed on the surface as if some gas was escaping

from the mass. Some condensed matter was found

afterwards in the tube, and, on cooling-, a peculiar odor

was noticed different from that of the bromine. The
fused mass dissolved readily in water and gave the

tests for calcium bromide. Of course in this and the

previous experiment the black specks of graphitic car-

bon were found unchano^ed. It was easv to distino-uish

them from the carbide. A few pieces of the carbide

were dropped into strong, freshly prepared, chlorine

water. There was a very violent disengag'ement of gas

but it was not ignited as reported by Moissan. The
gas was inflammable and burnt very much like acety-
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lene. The odor was, however, peculiar. The same

experiment was tried several times with a concentrated

solution of bromine in water. The action ag-ain was

very violent but there was no spontaneous ignition of

the g-as. Little difference could be detected between

this and the action of the chlorine water.

Action of Acids.—A piece of the carbide was placed

in concentrated pure sulphuric acid. A few small bub-

bles came off but the action seemed lig-ht. On heating-,

the action was greatly increased and continued after

the removal of the flame. A g-as was given off which

burned with a luminous flame.

A mixture of sulphuric acid and potassium bichro-

mate acted most violently upon the carbide. There

seemed to be a very vigorous oxidation, and several

attempts at igniting the gas given off resulted in fail-

ure. There could have been very little, if any, acet}^-

lene present in it.

Strong nitric acid attacked the carbide with the for-

mation of brown-red fumes. The gas evolved could

be ignited and burned with a smoky flame.

Glacial acetic acid decomposed the carbide slow^ly in

the cold.

It may be added that no change was observed on

adding a piece of the carbide to some boiling sulphur.

On allowing the mass to cool the carbide was regained

in its original condition.

Actio7i of Alkalies.—X few grams of sodium hy-

droxide were melted in a nickel dish and a piece of the

carbide was added. There was violent action, a gas

being given off which burned with a luminous flame

and which was taken to be acetylene.

A small amount of sodium dioxide was also melted

in a nickel dish. When the carbide \vas added to this
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it was rapidly attacked, the action being about the same
as in the experiment just mentioned. An inflammable

gas was evolved.

In conclusion, we would give due credit to Mr. W. R.

Kenan, who carefully verified some of the experiments

here recorded.

University of North Carolina,
February. 1895.

ZIRCONIUM SULPHITE.

BY F. P. VENABIvK AND CHARLES BASKE^RVILLi:.

Ver}^ little is recorded in the text-books on chemistry

with regard to this compound of zirconium. Berthier

is reported as having- examined it and found it to be a

white insoluble body, slio-htly soluble, however, in an

aqueous solution of sulphurous acid, from which it is

thrown down agfain upon boiling*. Whether this was
what is commonly known as the neutral, or the acid,

or a basic sulphite, is not recorded. It is hig^hly proba-

ble that with so weak an acid as sulphurous acid, zir-

conium would form under these circumstances only

basic compounds. We may state with reg'ard to our

own work that we have been unable with one exception

to form any sulphite corresponding- to the acid or the

neutral. Only very indefinite compounds or mixtures

of the sulphite with the hydroxide have come into our

hands, as a rule.

The subject was first brought to our attention by
the study of the reaction utilized by Baskerville for the

quantitative separation of zirconium from iron and
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aluminum/ It was also put into use by him for short-

ening- the method of preparing- the pure zirconium

chlorides.- The reaction in question is that which

takes place when a nearly neutral solution of zirconium

chloride is boiled with sulphur dioxide in excess.

Several points of interest were observed as to this

reaction. It was found that when a solution of the

sulphate was used it was difficult to secure any precip-

itation by means of sulphur dioxide even with persis-

tent boiling-. The chloride was clearly the best salt to

use. The pure chloride was made up into approxi-

mately a two and a half per cent, solution and this was
either very nearly neutralized by means of ammonia, or

ammonia was added until there was a slig-ht permanent

precipitate. In the latter case the saturation of this

solution with sulphur dioxide produced an immediate

precipitate. If this were permitted to stand for some

time the precipitate was redissolved, the remaining-

liquid being- only slig-htl}^ clouded. This re-solution

was probablv due to the hydrochloric acid liberated

and also to the excess of sulphurous acid present. If

this solution of zirconium chloride saturated with sul-

phur dioxide were diluted with several times its volume

of water and boiled from fifteen to thirt}^ minutes, a

heavy white precipitate was produced. This was quite

easily filtered b}^ means of an ung-lazed porcelain suc-

tion filter. The precipitate was washed several times

and finall}' dried over sulphuric acid in a desiccator.

The analysis g-ave:

Zirconiuin dioxide. . . 61:10 61:75 61:75 .... 61,00

Sulphur dioxide 22.24 22.20

Ratio of zirconium to sulphur dioxide is 2 : 1. approximately.

Ratio of zirconium to sulphur dioxide in the neutral sulphite,

Zr (SOsJs, is 1 : 1.4.

1. J. Am. C. Soc. 16. 475.

2. This Jourxai.. U, 85.
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This substance when so dried was perfectly white

and quite hard. It was powdered with some difficulty

in an ag'ate mortar and resembled, very much, iinely

divided silica.

It was sometimes noted that the precipitate formed

on passing' the sulphur dioxide into the solution of

zirconium chloride was partially dissolved upon the

prolong'ed passag-e of the gas. To determine in how
far the liberated hydrochloric acid was the ag-ent caus-

ino' this re-solution, some zirconium hvdroxide, freshlv

precipitated by means of ammonium hvdroxide, was
washed free from hydrochloric acid and was then treated

with a concentrated and freshly prepared solution of

sulphur dioxide. This was allowed to stand during-

two or three months and was frequently shaken. The
solid at the bottom of the flask separated into two lay-

ers, the g-elatinous hydroxide settling- first and upon this

a white, iineh^ divided, substance formed. The super-

natant liquid was found to contain zirconium. Tlie

white layer was separated from the hvdroxide and

analyzed. It contained:

Zirconiiiiii dioxide 15.05 15.53 ....

Sulphur dioxide .... 4.86

Water (blast-lamp) 2.78 3.03

Water, at 95- (' 77.41 76.33

100.10 99.75

Ratio of zirconium U) sulphur dioxide is 2.2 : 1.

This substance apparently came to a constant weigdit

on drying- in a steam-bath at ^)5- C.

A somewhat |)eculiar product was obtained during-

an attempt at filtering- the precipitated sulpliite. It

filtered very slowly and in the course of a few hours a

layer of a watery liquid formed above the white sul-

phite. This was allowed to stand several days and

turned into a solid jelly. This was noticed several
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times. The thickness of the jelly-like layer, would of

course, depend upon the amount of moisture in the pre-

cipitate but several times it was half an inch or more
in thickness. This body was analyzed in the moist

condition after simply drying- between filter paper. It

g-ave:

Zirconium dioxide 20.02 20.65 .... ....

Sulphur dioxide .... 5.19 5.51

Water (blast lamp) 9.14 8.53

Water, at 95
• C 65.65 (i5.22

100.00 99.91

Ratio of zirconium and sulphur dioxide is here 3 : 1.

A portion of this jelly was brought to constant

weight by heating for a number of hours in a steam-

bath. About sixty-five per cent, of the orig'inal weight
was lost and the bodv assumed a translucent appear-

ance like dried g^elatine. The analysis of this gave:

Zirconium dioxide 59.34 ....

Sulphur dioxide 11.46

Water (blast-lamp) 29.20

100.00

Ratio of zirconium to sulphur dioxide is 4 : 1.

The analysis shows that some of the sulphur dioxide

was lost on drying.

It will be seen that these different preparations show
a very var^'ing ratio of the zirconium to the sulphur

dioxide and in no case approach to the ratio of the neu-

tral sulphite fl : 1.4). They are, therefore, to be looked

upon as either mixtures of the sulphite and hydroxide

or very unstable compounds. The jelly-like substance

mentioned last gives more promise of being a chemical

individual; still it has not been thought legitimate to

attempt the calculation or assig'nment of a formula to it.

A last attempt at preparing the neutral sulphite was
made by placing some of the excess of sulphurous acid.
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which had been standing over the precipitated zircon-

ium sulphite, in a dessiccator and allowing' it to evapo-

rate over sulphuric acid. The bulk of liquid decreased

from about 200 cc. to live to ten cc. and then hard,

white, wart\^ cr3^stals beg'an to form, which were quite

difficult to remove from the crystallizint)- dish. In

appearance they resembled zirconium sulphate. The
solution had lost the odor of sulphur dioxide. The
time consumed m the evaporation was several months.

The crystals were dried upon filter-paper and yielded,

on analysis:

Zirconium 24.47 per cent, on a dry basis, So. 43.

Sulphur dioxide 34.54 " '' " '' '' 51.42.

Calculated for Zv{SO,),, Zr 3().25; SO, 51.20. These

crystals then seemed to be a h3'drated sulphite of the

composition Zr(S03)2 ^HgO.
The nature of the precipitate o-otlen by means of

sodium sulphite was also examined. The sulphite used

was fairly pure. The zirconium chloride solution was
distinctly acid and the mixed solution was acid. A
transient precipitate w^as produced in the cold on mix-

ing* the two. On heating", a g"ood flocculent precipitate

was formed which settled well and was easily filtered.

The precipitate looked like the hydroxide, rather than

the white sulphite already described. The analysis

g-ave:

Zii'coniuni dioxide 5,75 5.75 .... ....

Sulphur dioxide 1.05 1.004

Ratio of zirconium and sulphur dioxide is 4 : 1.

Chancel,' in g-iving' a method of separation of iron

from zirconium, states that by means of a boiling- solu-

tion of sodium thiosulphite the zirconium is precipi-

tated as thiosulphite. Stromever' stated that if a dilute

1 Ann. d. Cheiii. u. I'luvn.-i.. 1(«. 237: Watts Diction:, rv. 5. 1081. 1877.

1 Ibid. 113. 127.
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zirconium chloride solution be neutralized by sodium

carbonate in the cold and sodium thiosulphite added

until the solution was decolorized and then boiled as

long- as sulphur dioxide came off, the zirconium would

be precipitated as oxide ^meaning* doubtless hydroxide;.

To test these observations a solution of zirconium

chloride was neutralized bv ammonia and an excess of

sodium thiosulphite was added in crystals. A precipi-

tate began to be formed directly. This was washed

eigfht or ten times by decantation, filtered, the precipi-

tate dried b}' absorption paper, and analyzed. It gave:
Zirconium dioxide 19.66 20.50 .... ....

Sulphur dioxide .... 4.03 4.14

Water (blast-lamp) 16.05 16.41

Water, at 95- C 60.11 58.58

99.85 99.61

Perceiitar.,'-e of zirconium on a water-free basis is 75.

Perce nta.Lfe of zirconium calculated in ZriSo O3 ).2 is 21.95.

A second experiment was carried out with an acid

solution of zirconium chloride. The sodium thiosul-

phite crystals were added in the cold and when com-

pletely dissolved the solution was heated to boiling*.

This precipitate, on analysis, gave:
Zirconium dioxide 21.74 20.73 .... ....

Sulphur dioxide .... 5.33 5.4L

Water (blast-lamp) 9.72 8.64

Water, at 95 C 63.23 65.37

100.07 100.15

Finally another portion was taken, precipitated with

an excess of sodium thiosulphite, and boiled until there

was no long-er any odor of sulphur dioxide. This pre-

cipitate was anah'zed:
Zirconium dioxide 47.01 47.19 .... ....

Sulphur dioxide 6.90 6.95

Water (blast-lamp^ 21.41 21.14

Water, at 95- C 24.16 24.72

99.48 100.01
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The" ptrcenta.i^'c of water here was due to the expos-

ure of the precipitate in a warm room and its conse-

quent partial (h\vin^-. There is no evidence here nor in

the ])revious cases of the formation of anv definite thio-

sulphite and we would question its existence under

ordinary conditions. There is no evidence of the for-

mation here of an hydroxide as one of the authors

(juoted states. Basic salts seem to be the only products.
Uni\-i;ksitv ok Nokth Carolina,

March. 1895.

THE CHLORIDES OF ZIRCONIUM.

BY F. P, VENABI^E.

In a report upon the examination of the chlorides of

zirconium' it was stated that pure zirconium tetrachlo-

ride was formed by the solution of zirconium hydrox-

ide in hydrochloric acid and repeated crvstallization

from the concentrated acid. This statement was based

on a partial analysis by Linnemann', the result of which

made him call the substance the tetrachloride; and on

repeated partial analyses of my own, in which the zir-

conium present was determined by i«-nition as zirconium

dioxide. So firmly convinced was I of the fact that

this was the normal tetrachloride that I determined to

use it in revisino- the atomic weig'ht. Ten closely ag-ree-

determinations were made and they yielded as the per-

centa<jfe of zirconium dioxide found 52.99, or, calcula-

ting" with 90.62 as atomic weigdit of zirconium (Bailey)

1. J. Am. Che 111. Soc. 18'H. 16. 460-475.

2. Loud. Cheni. News, 52. 233-240.



ELISHA MITCHELL SCIENTIFIC SOCIETY. 23

39.16 per cent, of zirconium. The zirconium in the

tetrachloridfj amounts to 38.99 per cent.

Bailey made several very widely differing- determina-

tions of the chlorine in this body and considered it the

oxvchloride. His determinations varied so g'reatlv and

his mode of dr\'ino- were so faulty that I simply con-

cluded he was mistaken, bein^ unable to detect a source

of error in my analyses which would allow for a change

from 39.1b per cent, of zirconium to 46.79 per cent., the

amount needed for the oxvchloride.

Still, as a necessary precaution, I made some deter-

minations of the chlorine in the pure crystalline pro-

duct and was i^reatly surprised to find only 35.5 per

cent, of chlorine instead of 61.01, the amount required

for the tetrachloride. The percentag-e in the oxychlor-

ide would be 36.63.

I regard the results as very sing-ular. The substance

must be an oxvchloride, but what is its composition?

The simplicity of its preparation and the constancv of

its composition, along- with its stability, would arg-ue for

a simple formula. No such formula can be calculated

from the analysis. Probably tlie best formula sugg'ested

for this oxychioride, corresponding- closely with the

above analysis, is Zv^iOH ,-Cl- 5H2O.
University of North Carolina,

Auffust. 1895.

THE DRUDGERY OF SCIENCE.

The study of Natural Science presents so much that

is attractive and entertaining- that a distaste is some
times beg-otten in the mind of the begfinner for the

sober, plodding- side of it. A lecturer upon Geolog-y
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or Chemistry is at the disadvantag-e of having- an audi-

ence which expects to be amused, as at some exhibition

of jugfg'lery, whereas the lano-ua«-e teacher has under

him those who reaHze fully that there is no royal road

to learning-. I have heard a distinguished professor of

chemistry say that he always felt his class begnn to

drag' when he passed the "fizz, pop and bang- stag-e.
"

They would g-aze in wonder at the beautiful experi-

ments upon the elemental g-ases but had no stomach for

the hard work of the science. And yet, how essential

this plodding-, this toil without apparent, or at least

immediate, reward, is to the truth of the picture and to

the success of the study. The drudg-ery ceases to be

such in the eyes of the enthusiastic searcher into na-

ture's m3'steries. It becomes a joy, as bring'ing- him a

step nearer to the realization of his hopes.

If any of jx^u are looking- forward to a life-time of

work in the realms of science it is well that you should

face clearly the condition demanded of you for the hig-h-

est, truest success, namely, patient and often times

seeming-h- fruitless toil. A patient worker who has

just laid his tribute on the altar of science, before an

admiring- world of fellow-citizens—I refer to Morley

and his monumental work upon the atomic weig'ht of

oxyg-en—writes

:

"Do not deceive 3"ourselves, however, by thinking-

that patient toil can accomplish everything-. Genius

is not 'an infinite capacity for taking- pains' but a

something- broader and deeper, that lifts the drudgery

into the sublime. You ma}^ take infinite pains and still

be only a drudge. You must take infinite pains to be

a brilliant leader."

One of the most valuable cjualities of mind to a man
of science is persistence, obstinacy, doggedness—what-
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ever you may choose to call it. It means an un^'ield-

ing- determination to persevere in spite of difficulties

and discourag"ements. Accuracy of observation, clear-

ness of intellect are all g'ood and necessary, but unless

you have g*enuine .i^rrit, and stick at the task you have

set yourself, you can make no very valuable conquest

from nature nor contribution to the store of human
knowledg-e. It is the patient settler who has cleared

the land, tilled the soil, sown the seed, toiled, suffered

and waited and thus has won for the world its ^reat

feeding--g-round in our Western States, and so it is the

patient Darwin, the toiling- Ag-assiz, the untiring- Liebig-,

who have opened to us such g-reat vistas in the domain

of science. If we would follow them we must toil over

the stepping- stones they have succeeded in laying-. If

we would gT) yet further and discover Nature's secret^

for ourselves, a capacity for patient drudg-ery must be

ours. And yet, thoug-h it seem drudg-er}' to others who
are merely looking- on, it is not really such, for to us

it must be a labor of love.

I wish to bring- before you some eminent examples

of drudg-es that you may draw^ encourag-ement from

them. Many instances mig-ht be drawn, first, from the

life of Darwin. Take, for example, his patience when
he reports himself as watching- for two hours to see

whether a spider put the rig-ht foot or the left foot in

front in weaving-, and his honesty in confessing-, at the

end of it, that he could not tell. Consider those fifty

years during- which he watched the lowly earth worm
and found out for us its beneficent action in preparing'

our soils.

Patient drudg-es, or shall we call them heroes, are to

be found in all the branches of science. Think of Lub-
bock and his work with ants and bees; of Khrenberg-
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and his blinding himself with his microscopic investi-

g-ation of infusorial earths; of (ralileo and his tele-

scope. M}^ acquaintance lies mostly, however, with

chemists, and I shall draw^ from among them the ex-

amples we need.

Some 3^ears ago Dr. Kerr, our former State (rcolo-

gist, supplied a distinguished English chemist. Dr.

Crookes, wnth a large amount of a rare mineral, sam-

arskite, found in this State. Years were spent by this

gentleman in, w^hat he speaks of as the most trying and

laborious of w^ork, fractional precipitations, in order

to separate the rare elements contained in the mineral.

This meant a repetition for many hundreds of times

of the same delicate and trying operations. The final

report of the w^ork occupied only a few^ pages and gave

to the uninitiated little sign of the labor spent upon it.

Another instance of the same sort of w^ork came to

my notice a few years ago. Dr. Shapleigh, an ambi-

tious American chemist, w^rote me that he too had been

working on the rare earths (from cerite and monazite

also gotten from this State) trying to separate praseo-

and neo-dymium and to prepare their compounds, wath

the hope of thoroughly studying them. After three

years of daily toil and over 4(J0 precipitations from 8

or 10 tons of materials, he had them separated and the

compounds prepared and then found himself unable to

continue the work and earn the reputation w^hich he

so richly merited.

A German' chemist washing to find out some of the

constituents of the sugar-beet w^orked over six thous-

and pounds of them in small portions, by prolonged

and patient operations.

We have some remarkable instances of patient toil

among the (jlder chemists also. Thus Boerhaave dis-
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tilled the same lot of mercury five-hundred times to con-

tradict the old alchemical notion that an essence could

be g*otten from it, and other mercury he kept at a raised

temperature for fifteen years, watchincr for anv chang--

es, meaning- countless repetitions of the same tiresome

work.

I knew, myself, a young* German student who, for

weeks and weeks, was practically an outcast, working-

in a part of the laboratory- to himself, unable to eat

with his fellows, a burden to himself and to others be-

cause of the loathsome chemical substances he had
chosen to work upon. We always threatened to put

him under the sink or soak him in the water butt if

he came near our part of the laboratory, and so I know
little of his work or success, but he showed the scien-

tific spirit and pluck. The work had to be done to

g-ain the desired knowledg-e. It was loathsome, it was
drudg-ery, but someone had to do it, and why not he?

I have heard of an American student who spent

months in distilling- and examining- foetid bone oil. It

seems to me, as a would-be scientific man, I should be

forced to draw the line at bone-oil.

Only a vear or two ag-o, I reported to the Society

the patient toil of an Eng-lish worker who was trying-

to understand the processes in theg-ermination of g-rain.

His microscopic dissections counted up into the hun-

dreds, and yet, thoug-h spoken of casualh^ and as a mat-

ter of course, seemed to me a marvellous proof of skill

and patience.

But this drudg-ery may meet you at the outset of

your career, and not only after you have become veter-

ans, and if we listen to the older masters of Sci-

ence, it is best for us that we should be so tried.

My teacher was one of the pupils of the g-reat Ger-
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man chemist Wohler. He told me that when he first

entered Wohler's laboratory, the drled-up looking- but

brilliant German set him to g-rindino- some hard sub-

stance in a mortar, and kept him at that and nothing-

else for three solid weeks. Perhaps it was the mem-
ory of this that made him set me, first, at a task of dis-

tilling' water and keep me watchino- its drip, drip, for

one long- and weary week.

How such training- can be of use, is told us in the

charming' and all too short autobiog'raphy of Justus v.

Liebig-, published by the (merman Chemical Society.

His father was a dealer in colors. The boy, driven by

the working-s of the chemist spirit within him, experi-

mented with his father's slender store of chemicals,

and as the possible mixing-s and chang-es were necessa-

rily limited, never w^earied of repeating- them, learning-

thus exactly the appearance and the chang-es they un-

derwent, and acquiring- perfected powers of observa-

tion to which he larg-ely owed his after successes. He
says, that it taug-ht him especially to detect without

fail similarities between bodies. Wohler's training- led

him to take the contrar}^ view and alwaj^s to see the

differences between the different kinds of matter before

him. As much of their work was done in common,

these two great men supplemented one another in their

trained faculties, and from the farmer to the manufac-

turer, from the poor man who enjoys cheap clothing-

and better food to the suffering' patient who is restored

to health, mankind arises and calls them blessed.

Please note that this toil and drudg-ery is something-

different from the hap-hazard work of the alchemists

and g-old-seekers of the middle ag-es, and yet all of you

have heard the tales that g-o to show how all-consum-

ing- was the pursuit of that fiig-hty, illog'ical work.
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That which I have been referring- to is log-ical, carefully

planned work, with deiinite ends in view.

I will close by reccamtino- for you. in part, the story

of Palissv, the potter. It may be a twice-told tale to

vou, but it well illustrates scientific drudg-ery pursued

either to death or to success. Europe was without por-

celain. The only pottery known to French art was

common earthenware. Palissv set for himself the task

of discovering how the beautiful enamel was made

which could be seen on priceless ancient pieces or on im-

ported Eastern ware.

How was he to beg-in? He had no teacher, he had no

property. He himself says:

"Without having- heard of what materials the said

vessels were composed, I pounded, in those days, all

the substances which I could suppose likely to make
anvthing%and having- pounded and g-round them I bought

a quantitv of earthen pots and broke them to pieces.

I put on them some of the materials that I had ground

and having- marked them, I set apart in writing what

things I had put upon each, and having made a furnace

to m}^ fancy, I set the fragments down to bake."

He built his furnaces, exhausted his resources and

failed. He pulled down his furnaces, broke fresh pots,

undeterred by an empty purse, an empty cupboard and

a remonstrating wife, and failed again. Then he

prepared three or four hundred pieces and sent them

to a neighboring potters-kiln to be burned, after, as he

sa3^s, he "had fooled awa}^ several years, with sorrows

and sighs because he could not arrive at his intention."

The result was that he "received nothing but shame

and loss because the}^ turned out good for nothing.

"

This he did several times with failure onh* for his re-

ward. Then hunger at home and the clamors of Mad-
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ame Paliss}' could no long-er be disreg'arded and he

g-ave up for awhde.

For a year and a half he was conjugally a happy
man, but scientifically wretched, for the fire of genius

within could not be quieted. Having earned some lit-

tle mone}^ by other work, he turned again to his enamel.

For two years he continued his experiments and Mad-
am Paliss}^ scolded. His house was stripped, his chil-

dren hungry. He agreed to make one final experi-

ment, and if it failed to give up that for which he had
labored five long, hard years. His trial was a partial

success and nerved him to further efforts.

Time fails me to follow him through all of his trials

and disappointments. I do not know of any more piti-

ful and yet more wonderful and stirring account of

man's triumph over obstacles that most would call in-

surmountable.

He blundered thus for fifteen or eighteen years. He
wasted away until there was no form nor prominence

of muscle on arms or legs. He received no help nor

consolation at home nor abroad, and yet he triumphed at

last. The secret was learned, the art was won. No-
blemen visited his cottage. Madame Palissy smiled

again and purchased a "fine grass-green camlet "as some
sort of amends for her furniture, burned in his furnace,

and her years of home happiness sacrificed. He remov-

ed to court, was highly fav oredby the king, and France

and Europe were filled with his fame.

May 3^ou have something of his energy and his per-

severance and be blessed with wives more patient and

more helpful than Madame Palissy.
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NOTES OX THE UNDERGROUND SUPPLIES
OF POTABLE AVATERS IN THE SOUTH
ATLANTIC PIEDMONT PLATEAU.^

BY J. A. HOLMES.

It is a fact that is cnming- to be more widely recog--

tiized bv the greneral public as well as b\' members of

the medical fraternity, that the health of persons liv-

ing- in our hill country depends in no small degree upon

the drinking- water obtained,—just as it has been found

that th«^ use of pure water in the lowlands and swamp
areas of the Southern states results in practical im-

munity from malarial diseases. Hence the problem of

how to obtain supplies of wholesome water for the

towns and manufacturing- establishments in the hill

country or Piedmont plateau region of the south-east-

ern states comes to be one of considerable interest,

the importance of which will continue to increase as the

favorable conditions for manufactures and agfriculture

in this reg-ion will m^ake it in the near future the most

thickly populated portion of the South Atlantic states.

Water supplies from surface streams are unqestion-

ably of the first importance; and in the mountain coun-

ties where the regfion is still largfely forest covered and

the streams rapid and continually aerated by rapids

and cascades, the water is of superior purity and clear-

ness. This statement is also applicable to the more

elevated and sparsely settled portions of the Piedmont

pleateau; but in the less hilly and more thickly settled

portions of this reg-ion the streams are more slug-g-ish

and the waters more muddy and less pure owing- to the

fact that a much larg-er proportion of the surface is

* From Trans. Am. Inst. Mining- Entrineers. XXV,. 1895.
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under cultivation. Furthermore, many of the towns

and manufacturing- establishments are located at dis-

tances from the larg-er rivers and creeks too g-reat to

permit of the water being- lifted and transported to

them by pipe lines at any reasonable cost.

Rain w^ater caug'ht from the roofs of houses, under

favorable conditions, and kept in properly constructed

cisterns, is probably the safest for drinking- purposes,

but under unfavorable conditions and when not prop-

erly attended to, cistern water must be considered as

not altogfether safe; and in any case the supply is in-

adequate for large establishments.

Such being- the case with regfard to surface supplies

of water, it will be seen that, in a number of cases, we
must depend for potable waters upon underg-round sup-

plies. These may be obtained either from springs or

wells. Of the latter we may consider three varieties:

The ordinary open well such as is often seen about pri-

vate residences; deep bored wells which penetrate the

crystalline rocks, in the endeavor to obtain artesian

supplies of water; and the shallow bored wells which

are put down throug'h the soil to the surface of these

crystalline rocks in the hope of striking underground

currents along the lines of contract between the lower

portion of the soil and the upper portion of the unde-

composed rock. In this latter case generally several

such wells are bored within a short distance of each other

and these are connected by iron pipes, and water is

pumped from the various pipes throug'h a common pipe

to a common reservoir or tank. This is what is g'en-

erally known as the tube well S3^stem.

The open springs iurnish an excellent but limited

supply of water for family use; a supply, however, which

while it is sufficient for the needs of isolated residences,
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it is generally inadequate to meet the demand about

towns and manufacturing* centers, and futhermore, in

such latter cases, and frequently even near isolated

country residences, the surface in the neighborhood of

the spring- becomes so contaminated with decaying or-

ganic matter that the water becomes unfit for drink-

ing purposes. The same general statement ma\' be

made concerning ordinary open or driven wells, which

for the sake of convenience must be located near resi-

dences where the surface soil becomes more liable to

contamination as the region becomes more thickly set-

tled. Examples of this are not infrequently seen, where

the water from wells and springs in newly settled com-

munities is found to be healthful, but a few years later

it has become so contaminated with organic matter,

which has permeated the soil from above, that sickness

follows its use, and it must be finally abandoned. It

is difiicult, however, to get the average citizen to un-

derstand that the organic matter of the water in his

well or spring comes from the soil immediate^ about

his premises, as the prevailing notion concerning these

supplies of water is that they come, not from the im-

mediate vicinit3^ but from some distant region. Con-

sequently in many of our towns and even about the is-

olated country residences, the barn yards and the priv-

ies and the hog pens seem to be built upon the princi-

ple of convenience alone, and this frequently places

them in close proximity to the well or spring from

which the family supplies of drinking water are ob-

tained.

But outside of this the question as to the purity of

the water, the suppl}^ of water from the isolated springs

and open v\^ells is generally quite inadequate for towns

or manufacturing establishments of any considerable
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size unless the number of these wells is greatly multi-

tiplied, and their multiplication means their wider dis-

tribution throuo-h the settlement or community, and

thus a multiplication of the possible sources of disease

from the drinking- of contaminated waters. Neverthe-

less, the fact remains that, many of the towns of this

reg"ion, with a population of from a few hundred to sever-

al thousand, are still without any general supply of water

other than that from independant shallow wells. And
while the amount of disease in such cases generally in-

creases with the ag-e of the town, and the physicans,

at least, recognize the increasing contamination of the

water as the source of this increase in sickness, yet for

the lack of a better system this one continues in exis-

tence.

Deep artesian well supplies are not to be depended

upon for the reason that the geolog-ic conditions in the

the Piedmont plateau region are not favorable. The
rocks of this region are crystalline schists, gneiss and

granites with the dips (schistocit}^ g'enerally steep and

varying on both sides of the vertical. A considerable

number of boring-s varying- from 100 to 1000 feet,

have been made into these crystalline rocks in the Pied-

mont reg'ion of the two Carolinas and Georgia during

the past few years, with the expectation of securing

either an "artesian" (overflow) suppl3% or a supply

that would come near enough to the surface to be reach-

ed b\^ pumps. But the results have been generally

unsatisfactory, the holes being "dry" or the supply of

water being- inadequate. A somewhat exceptionally

favorable result was experienced in Atlanta. Some
years ago (1881-82) a well was bored into the gneiss

rock in the heart of Atlanta to a depth of about 2200

feet, at a cost of about $20,000. 00. xVt a depth of 1,100
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feet a laro-e supply of water was tapped, and it rose to

within about 17 feet of the surface. For several years

this well constituted the w^ater supply for a consider-

able part of the city, but the water was pronounced

unsafe by the medical authorities, and the w^ell has

been abandoned for a water supph^ from the Chatta-

hooche river. In a few other cases exceptionalh' large

supplies of water have been reached; but as a rule the

boring" of these wells has failed of satisfactory results.

Some professional well borers, like some professional

miners, with a laudable desire to be kept busy, urge

that the deeper the hole the better are the chances of

success; an opinion that has frequently but slight foun-

dation in the case of the mines, and in the case of well

boring it is, in this region of crystalline rocks, con-

trarv to both theory and experience. The possibility

of exceptions no one wmU deny, as we see that in a few
of the deeper mines of this region considerable streams

of water are tapped; and in some cases there is a bare

possibility that the hole to be drilled for a water sup-

ply may tap such an underground stream of water, as

was the case in Atlanta; but the chances are more

than 10 to 1 against such "luck." As a rule these

crystalline rocks become harder and more solid as w^e

descend, the chances of securing a reasonable supply of

water—never good after the hole enters the real mass
of rock—may be said to decrease as the hole descends.

There is, however, one certaintv about this operation,

and that is, other things being equal, the deeper the

hole the more rapidily the cost increases.

During the past few years the tube well system
mentioned above has been introduced in a number of

communities in this piedmont region and \vith decided

success in furnishing a good supply of drinking water
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to the smaller towns and manufacturing- communities.

This system is based upon the existence of fairly well

defined under«-round "currents" of water in regions

where the topog*raphy is favorable and where the rocks

have decayed to a considerable depth, and where near

the lower limit of this decay there is more or less por-

ous material throug^h which this water may readily

percolate. Of course it has been well known in the

past that more or less well defined underg^round move-

ments of water existed, and that at favorable locations

the small currents come to the surface as springs, and

that frequently, on both elevated reg^ions and about

lowlands, when wells are sunk sufficiently deep into the

soil,—usually near the surface of the hard rocks,—

a

sufficient amount of water is found either to empty in-

to the well as a small stream or to ooze into it from the

surrounding* soil and thus furnish a limited supply.

But it is only recently that the location and extent of

these underg-round sources of water have been investi-

gated in some regions with considerable care and have

been found to yield under proper treatment much
larg-er quantities of water than have been reckoned upon

in the past. This investig-ation has been prosecuted in

this reg-ion mainly by Mr. Henry E. Knox, Jr., a hy-

draulic eng-ineer, of Charlotte, N. C, and he has in

this way located considerable sujjplies of underg-round

water in reg-ions where these were sorely needed.

I g-ive below, in tabulated form, the results obtained

by Mr. Knox in Piedmont North and South Carolina.

His method of investig-ation is to examine carefully the

topography and geolog-y of the region where the water

supply is needed. The topographic conditions favor-

able to success arc, as might be expected, where there

is more or less of the basin, shallow ravine, or valley,
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SO that the water that falls upon this surface, instead

of running- off in opposite directions, if the soil is suffic-

iently porous naturalh' percolates downward and tends

to concentrate along- the lower portion of such basin or

valley where it may meet with least resistance in the

more porous materials.

By way of exploring- such a reg-ion, a number of

holes are bored in line across the basin or valley, so as

to determine the existence and location of such an un-

derg-round "current" of water. In this way its posi-

tion at intervals is determined and the intervening-

course is traced by additional borings. If the water

supplv is tapped by these boring-s it sometimes over-

flows; the output of the pipe at the surface of the g-round

and the qtiantity thus overflowing- is measured, and

pumps are then applied so that the possible 3'ield of

water can be estimated. In these underg-round 'streams'

the water usually follows the topographic conditions,

as mig-ht be expected, but in some cases it moves more

or less obliquely across the ravines, showing- that the

overlying- soil has not the same thickness everywhere,

and that the topography of the soil surface is not the

same as the topography of the underlving rock surface;

and the water current moves along down the incline of

least resistance of the rock surface, in a measure inde-

pendently of the topography of the surface soil.

The fact that that the water percolates through

this more or less porous material at considerable

depths below the surface, of course suggests that

the mo^'ement must be sluggish; but that there is a

definite movement is shown b}' the fact that where
there are a number of holes bored at intervals along

the line of the "stream" and coloring matters are in-

troduced into one of them, in a short time the color ap-
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pears in the water coming* from the adjacent holes in

one direction but does not appear in the water from the

holes in the opposite direction. But the average rate

of movement has not been determined with a sufficient

deg'ree of accuracy to admit of its being- stated. These

currents are quite limited in their width; ranging- in the

cases tested, from a few feet to, in rare cases, more

than 100 yards. And, as mig'ht be expected, the width

is not at all constant, but while it gradually increases

further down the "stream" as the supply of water be-

comes greater, yet this increase of width is by no means

constant. The depth at which these underground

water currents have been found varies from about 20

to nearly 100 feet, and generally they have been found

at less than 50 feet below the surface.

The fact that in the case of some of these wells the

water overflows at the surface is due to topographic ra-

ther than geologic influences. In some cases, especially

at Charlotte, N. C, as mentioned in the table below,

the flow from a single well amounts to as much as 10

gallons per minute. Here, as in other places where

the overflow is slight—even less than one gallon per

minute—the amount of water which can be pumped
from such a well is considerably larg*er. Thus in the

case mentioned at Charlotte (Latta Park) there are

several overflowing* wells with an average depth of 42

feet. The maximum natural flow from one of these

wells is 10 gallons per minute, but with the application

of a pump the eight wells yield readily 230,000 gallons

per day. Again at Chester, S. C, one well which

yields in natural overflow 6 gallons per minute, with

the aid of a pump yields nearly 62 gallons per minute

or 99,280 gallons per day. In another case, the maxi-

mum natural overflow of any one of the eight svells
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bored at the Western Hospital, at Morgfanton, N. C,
is only four g-allons per minute, while the eight wells,

with an average depth of about 39 feet, yield upon the

application of a pump 165 gallons per minute or 237,600

g-allons per day.

The qualit}' of the water obtained from these wells

has been pronounced satisfactory in every case by the

health officials. Of course the continuation of this con-

dition of things will depend largeh' upon the continued

freedom from contaminating- influences of these water

basins, and one advantag-e of this S3'stem of water sup-

pl\^ is that the basins, being generally limited in area,

may be generally controlled by one or more indi-

viduals or a corporation, and ma}' be thus kept free

from sources of contamination.

i^s might be expected, the search for the underground

supplies of water has not by an}' means been success-

ful in every case, but the limited experience leads one

to believe that they may be found in a majority of com-

munities, where search is extended over a sufficiently

large^area and is made w^ith sufficient care. It would

at present, however, be too much to claim that these

underground supplies of drinking water can be found

sufficient to meet all the demands of larger towns and

cities, though they would prove of material service in

this connection. But I anticipate that they will be

found of greatest importance in connection with water

supplies of smaller towns and of more or less isolated

manufacturing establishments, where there are usually

several hundred or several thousand operatives.

In the following tabular statement will be found a

list of the more important places w^here these under-

ground water currents have been found and where the

gang well system has been introduced, the name of the
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special establishments for which the wells were bored,

the number of wells at each place, the averag-e depth

of the wells, the natural overflow in one minute of

time from that one of the series of wells from which

the overflow is largest, and the ag-greg-ate yield of wa-
from the several wells at each place in 24 hours when
the steam pump is applied. The data for this tabular

statement has been supplied by Mr. Henry K. Knox
Jr., of Charlotte, N. C, who bored all of these wells,

and who states that out of 23 surveys made by him,

only three were unsuccessful in locating' the desired

quantity and quality of water.
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